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ABSTRACT
In thisthesisit is intendedto investigatethesuperiorityof plasticsasa
materialfor a specificproductdesign.Plasticswith theirintrinsiccapabilities,have
toomanyimprovedcharacteristicsto offerto individualswhichmakesanyresearch
veryvaluable.
When makingthis research,the methodsto be employedwere not only
limitedwith library researchesbut also containedbilateralrelationswith various
producersof eitherthematerialor the toys.Underthe light of thesefindingsand
experiencesthe formationof the most convenientmaterialwas selectedfor the
product.The secondpointwasto designa toy and/ora systemfor childrenwhich
wouldhelpthemgetpreparedfor thecomingyears.It is foundoutthat,for children
toysaremoremeaningfulwhencombinedwith their imagination.That is why it is
intendedto designfor preschoolchildrenwhentheirimaginationis aspureas it can
be.
Finally it is concludedthatwiththedebutof plasticsmaterialsin individuals
lives,the characterizationof forms, functionsand ideaswere highly and easily
achieved.
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Bu tezde,birmalzeme olarak plastiklerin,ozel bir iirtin tasanml i<;in
iistiinliiklerininara~tmlmaslama<;lanml~tlr.Plastikler i<;yapllanndankaynaklanan
yeterlilikleriile,herbireyebiryokiyile~tirilmi~ozelliksunabilmektedirlervebudakonu
ile ilgili herara~tlrmaYldegerlikllmaktadlr.
Bu ara~tlrmayaplhrken,uygulananara~tlrmayontemi,saltkiitiiphaneara~tlrmasl
ile smlflandmlmaml~,aynca hem oyuncakhem de malzemeiireticileriHe irtibata
geyilmi~tir.Edinilenbilgi vetecrObeler1~lg1altmda,urOniyinenuygunmalzemeseyimi
yapllml~tlr.Ikinci a~amada,yocuklangelecekylllara hazlrlayabilecekbir oyuncak
ve/veyaoyunsistemitasanmlyah~malanyer alml~tlr.Oyuncaklann,hayalgiicuile
birle~tirildiklerinde,yocuklari<;indahaanlamholduklan belirlenmi~ve bu yiizden
hayalgu<;lerininensaf olduguokul oncesidonemiyin bir tasanmgeli~tirilmesiyoluna
gidilmi~tir.
Sonolarakise,plastiklerinbireylerinhayatmagirmesiile, formun,fonksiyonun
ve de fikirlerin ~ekillendirilmesininve degerlerininiyile~tirilmesininyok daha
kolayla~tlglbelirlenmi~tir.
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CHAPTERl
INTRODUCTION
"Whatmaterialmaybe as hardas stone,as transparentas glass,as elasticas
rubber?Whatmaterialthatcanbe strongyetlight,moistureandchemicalresistant,and
anyof a rainbowcolors?"(Richardson1989,p.1). It is proventhatby theyear2000
productionby volumeof plasticswill surpassthat of steeland all othercombined
materialswhichprovesthattodayis theageof plastics.
Plastics,withsucha percentileandpotentialof use,deserveto be investigated.In
thisthesisit is aimedtomakearesearchonthistopic,forthereweremanystudiesbothon
plasticsand childrenbut almostnone on what is in the intersectionof two. The
intersectionpointis of course,toysmadeof plastics.Plasticsenterthelivesof individuals
in theveryearlyyears.Childrengetin touchwith thismaterialwhentheyareonlya new
bornorinanotherwords,attheverybeginning.
Toys aretheproductsthatall of ushavehadin ourmindscarvedin ourearlyyears
whennotmuchof thingshadso muchvalue.They arefun, freedom,thebasictoolsto
enrichourlives.Theyarethetoolschildrencanputtheblameonandscoldyetsharetheir
anger,happiness,andsorrow.At anygivenmoment,toysandplaymayengagea child's
physicalintellectualandemotionalbeing.Fromtheirearlydaysonchildrenneedtoysfor
quiettimeandactivetimetoysfor indoorsandout,toysfor playingaloneandtogether.
Toys for everythingthat consistslife. That is what makesthem very importantfor
humanity.
In this thesis,by makinga researchabouttoys,as mentionedat the top, it is
intendedto fill thegapof a source,aboutthe intersectionpoint of both childrenand
polymers,whichledthisthesisto startwithpolymers,continuewithchildrenandfinally
havetheintersectiondesigned.
1.1POLYMERS
The wordpolymeris derivedfrom the Greekpoly, meaningmany,and meros,
meaningunitorpart.Polymersarealsocalledresins(incorrectly),macromolecules( from
theGreekmacrosmeaninglong), elastomers,andplastics.
Elastomerdescribesanypolymerthatcan be stretchedmorethantwo hundred
percent.TheAmericansocietyof testingmaterials(ASTM ) definesan elastomeras " a
polymericmaterialwhichatroomtemperaturecanbestretchedat leasttwiceit's original
lengthanduponimmediatereleaseof thestresswill returnquicklyto approximatelyit's
originallength"
Thewordplasticis anadjectivemeaningpliableandcapableof beingshapedby
pressure.It is oftenincorrectlyusedasthegenericword for theplasticindustryandit's
products.A majorreasonfor confusionis thatthewordmaybe usedas a nounor asan
adjectivewithbothsingularandpluralmeanings.
ThewordplasticscomesfromtheGreekwordplastikos.It means" to formor fit
formolding."Thesocietyof thePlasticsIndustryhasdefinedplasticsasfollows:
Anyoneof a largeandvariedgroupof materialsconsistingwhollyor in partthata
combinationof carbonwith oxygen,nitrogen,hydrogen,andotherorganicor inorganic
elementswhich,whilesolidin thefinishedstate,atsomestagein its manufactureis made
liquid,andthuscapableof beingformedinto variousshapes,mostusuallythroughthe
application,eithersinglyor together,of heatandpressure
Becauseplasticsarecloselyrelatedto resins,thetwo areoftenconfused.Resins
aregum-likesolid or semisolidsubstancesused in makingsuch productsas paints,
varnishes,andplastics( Richardson1989,p.2)
A resinis not a plasticsunlessand until the resin hasbecomea "solid in the
finishedstate".Plasticproductsareoftenmadefromresinsthatareprocessedandmade
solid.Bothnaturalandsyntheticresinmaterialsarecomposedof a seriesof molecules
bondedtogetherwithsomeresinshavingseveralthousandmolecules.
1.2PolymerProduction
Plasticsmaterialsareeasilyprocessed.Thereforetheyhavebecomethe perfect
substitutesfor othermaterials.On the otherhandas an originaldesignmaterialthey
performverysatisfactoryresults.
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Figure1.1Chartof PolymerProduction(Richardson1989,p.lO)
1.3PolymericMolecules
Moleculesof organicmaterialsarecomposedof carbonas a baseelement,most
commonlyjoinedto hydrogenby covalentbonds.Thesemoleculesare referredto as
hydrocarbons.A thenamesuggests,hydrocarbonsarecomposedof hydrogenandcarbon.
Becauseof theabilityof carbonatomsto link upwithotheratoms,formingchains,rings,
andothercomplexmolecules,thousandsof hydrocarbonsareknowntoorganicchemist.
Atonetime,allorganiccompoundscamefromplantsor animals.Today,coal, oil,
andnaturalgasaregoodsourcesof carbonfor thechemicalsusedin makingplastics.
Manyorganichydrocarbonsareobtaineddirectlyfrom plantor animalsources.
Oilssuchascottonseed,linseed,and soybeanoils, lard,and similarproductsall yield
hydrocarbonsforplasticsproduction.New techniquesin thecollectionof methaneand
othergasesfromsewagesludgemayyieldadditionalsourcesfor thechemist.
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1.4Polymer Structures
The propertiesof plasticsare dramaticallyaffectedby the arrangementof the
atomsand molecules.The atomic arrangementof polymerscan be classified as
crystalline,amorphous,ormolecular.
Crystallinityisthethree-dimensionalrrangementof atoms,ions,ormoleculesin a
regularpattern.Diamondsandtablesaltaretwocommonmaterialswith easilyobserved
crystallinestructures.Becauseof the greatlengthof polymermolecules,thereis less
crystallization.OnlyweakVan derWaalsforcesareavailableto alignthemolecules,and
agreatnumberof atomsmustbemaneuveredto produceanydegreeof Crystallinityin the
polymer.
Becausethemolecularchainsareonlypartlyordered,mostcrystallineplasticsare
nottransparenti thesolidstate.Partiallycrystalline( semi-crystalline)polymers,suchas
thelinearpolyolefins,polyacetals,andpolyamides,areasruletranslucenttoopaque.
Thecrystallinecontentof somepolymersmayexceed95%,whiletheremainderis
amorphous.CrystallinityofLDPE is about65%whileHDPE mayexceed95%
The crystallizationof bulk polymersis characterizedby the formingof large
crystallineaggregatescalledspherulites.The folded-chainmoleculealignmentis called
lamellar( platelike) structure.In orderedpolymers,chainsarefoldedbackonthemselves
toproduceparallelchainsperpendiculartothefaceof thecrystal.
Thesecrystallinestructurewithin the polymersact to scatterlight. They give
polyethyleneand polypropylenea milky appearance.With the use of an electron
microscope,X raydefraction,oreventhenakedeye,it is possibleto seethesespherulite
crystals.Withnormalprocessing,acrystallinepolymermaybeginto formspherulitesasit
cools.Processingmayhelpalignororientthemolecularchains.
The benzenesidegroupsin PS (atactic)normallypreventchain alignmentof
significantcrystalformation.By forcingPS throughor aroundnarrowrestrictionsin
molds,somecrystallinestructureswill form. Theseareaswill havea cloudyor milky
appearance.Orientedalignmentof moleculeson oneaxismaybe desirablebecausethis
producesgreatercrystallinityandhighertensilestrength.Therearehardandfastrules
whenit comesto crystallinityin polymers.Controllingthecrystallizationprocessis a
basic onsiderationindeterminingthephysicalpropertiesof thepolymer.
IZN IR
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Materialsthatareamorphousmeaning," withoutform", haveatomsor molecules
thatarenoncrystallineandwithoution-rangeorder.Polymersareamorphousin a molten
state.A rapidquenchingmaypreservemostof thisamorphoustate.
Rapidquenchingmaypreventa largenumberof thechainsfromrealigningto form
crystals.This techniqueis sometimesusedin productionof PET and PE to improve
transparency.
Amorphouspolymersare usuallyless rigid thancrystallineones.Polymersare
transparentif mostcrystallinitycan be prevented.Low-densitypolyethyleneis more
transparentif crystallinityis reduced.Highdensitypolyethyleneis semicrystalline.It hasa
highermeltingpoint.
Polystyreneis amorphous.It will beclearbutmoreeasilyattackedby solvents.
Thephysicalsizeandbondinganglehavea significantrole in polymerproperties.
Thehydrogenatomisaboutthesamesizeascarbon.
1.5Resins
Therearenumberof ingredientsof plastics,but reSInSare the basic orgamc
materialsfromwhichplasticsare formed.Fillers, solvents,plasticizers,stabilizers,and
colorantsinfluencemanyof the characteristicsof plastics.A resin is the polymeric
materialthathelpsimpartmanyof thephysicalcharacteristicsof thesolid plastics.It is
themoleculararrangementof theresinthatdetermineswhethera plasticsis thermosetting
orthermoplastic.
Thermoplasticmaterialsincreasein plasticitywith temperature.Theybecomesoft
whenheatedandsolid when cooledto room temperature.Thermoplasticsare easily
formedintousefulproductsbecauseweakvanderWaalsforcesallow slippagebetween
themolecules.Themoleculesthemselvesareheldtogetherbythecovalentbonds.
Thereis a practicalimit to thenumberof timesa thermoplasticmaterialmaybe
formedbecauserepeatedprocessingmaycausesomeof theadditivestobelost.
Thermosettingplasticsarepolymericmaterialswithstructuralframeworksthatdo
notallowdeformationor slip to occurbetweenmolecularchains.Theyarecomposedof
strong,primarycovalentbondsandmaybethoughtof asonelargemolecule.
In thermoplastics,only secondaryvan der Waals forces,dipoles,and hydrogen
bondsexitbetweenchains.In thermosettingmaterials,heatis commonlyusedto causea
chemicalreaction(polymerization)resultingin crosslinksbetweenchains.While in low
5
molecularmassstate,heatandpressurearecommonlyusedto causethethermosetting
materialtoflowintoamoldcavity.
Oncesolidified,thesematerialsmaynotbereshapedor formedby applyingheat.
Theseplasticshaveapermanentsetoncetheyhavebeenpolymerized.
Thermosettingplasticsarestrongerthanthermoplastics,andhavea higherproduct-
servicetemperature.Thermoplasticsmayholdmanyprocessadvantagesoverthermosets,
however.A majoradvantageis thatthermoplasticsmaybegroundandrecycledintoother
usefulproducts
1.6Classificationof Polymers
Polymersmaybeclassifiedby sixdifferentsystems:source,lightpenetration,heat
reaction,polymerizationreactions,molecularstructure,andcrystalstructure( Richardson
1989,p.4)
1.6.1Source
Whenclassifyingpolymersby source,therearethreeprincipalcategories.These
arenatural,modifiednatural,andsyntheticpolymers.
Naturalsourcesof resinsincludeanimals,vegetables,andminerals.
Naturallyoccurringpolymersare easily shapedbut have little strength.Some
commonexamplesare:
Rosinis a byproductof turpentinedistilling.It maybe seenoozingoutof a pine
treestumpsorlumber.
Asphalt,sometimescalledpitch, is found in a naturalstateformedfrom the
decayingremainsof plantsand animals.Today most asphaltis a by-productof the
petroleumindustry
Taris obtainedbydistillingorganicmaterials.Wood,wastefats,petroleum,coal,
andpeataresources.
Amberis a fossilizedresinthatformedfrom the oily sapof ancientconiferous
trees.
Copalis aresinderivedfrom tropicaltrees.Copalvariesfromwhiteto brownin
colorandit'sresinswereonceusedin paints,linoleum,andvarnishes.
6
Ligninis a resinousbinderthatsurroundseachwoodcell. The lignin contentof
woodvariesfrom35to90percentdependingonthespecies.Todaymostligninis usedas
fillerforplastics,orasanadhesivetobindwoodchipstogetherunderpressure.
Shellacwasthefirst naturalresinto be molded.At onetime,largequantitiesof
shellacweremoldedintophonographrecordsbut today,it's primarilyusedas a filler,
woodfinish,andelectricalinsulation.
ModifiedNaturalsourcesof resinsincludecelluloseandprotein.
Modifyingnaturalsourcesof resins was a natural step toward improving
polymericmaterialsanddevelopingnewpolymersandproductapplications.Celluloseis a
majorpartofallplants,thus,it readilyavailableasarawmaterialforplastics.
Oneof thepurestformsof celluloseis cottonseedoil. Thesearetheshortfibers
thatremainonthecottonseedsafterthelongerfibershavebeenseparated.Polymersmade
fromcottonseedoil do not yellow and arevery transparent.Anothermajor sourceof
celluloseiswoodsaw.
Othercellulosesourcesareplantwastesandresidues,suchas straw,cornstalks,
corncobs,grass,andweeds.All of thesematerialshaveproveduseful,butaredifficult to
collectandprocess.
Celluloseis a verycomplexmaterialandmanytypesof plasticsaremadefromit.
Therearemorethantenbasicresinsin thecellulosefamily.The mostfamiliarresinsare
celluloseacetate,cellulosenitrate,celluloseacetate,acetatebutyrate,and cellulose
propionate.
Anothermodifiednatural reSIn source IS protein, which comes from milk,
soybeans,peanuts,coffeebeans,and com. Caseinmadefrom skim milk is the only
protein-derivedplasticsthathascommercialsuccess.
Thereareotherproteinsourcesincludinghair,feathers,bones,andsimilarwastes.
Therehasbeenlittleinterestin thesesourcesbecausecollectionis noteasyandthereare
notmanyusesfor protein-derivedplastics.Most are usedfor adhesivesand coatings.
Proteinplasticsabsorbmoistureandswell , therefor itemsmadefromthemmaywarp
andchangeshape.
Gelatinisaproteinmixturemadefrombones,hoofs,andanimalskins.It is usedas
anodorless,tasteless,andtransparentfiller in candies,meats,icecream,anddrugs.
A veryimportantpolymer,rubber,is madefroma milkyjuice calledlatex. When
peopletalkaboutnaturalrubber,theyareusuallyreferringto elastomersmadefromlatex
7
oftheHeveatree.A maturerubbertreewill yieldabut1.8kilogramsof rubberperyear.A
polymerthatis chemicallylike rubberis guttapercha.Guttaperchatreesthatyield the
milkylatexforthispolymerarefoundin Malaya,Borneo,andSumatra(Richardson1989,
pJ)
Syntheticsourcesarethemostimportantsourcesof resinsforplastics.Agriculture,
petroleum,andcoalarethethreemainsourcesof chemicalsfor syntheticplasticmaterials.
Themostimportantof thesethreeis petroleum.As it comesfromtheearth,petroleumis
mainlya mixtureof solid, liquid,andgaseoushydrocarbonsthatarealmostuseless.In
refinedforms,petroleumis the largestvolumeproduct,otherthanwater,dispensedto
people.
Distillingandrefiningpetroleumby a processcalledfractionaldistillationyields
variouscrudeoil components.These includeheavyasphaltand tar, lighteroils, and
gaseousportionincludingpropane,butane,andotherhydrocarbons.
Residuescollectednearthebottomof therefiningtowerincludeasphaltandthick
oils.Lighterfuels( Kerosene,dieselfuel,gasoline,andbenzene)areextractednearthetop
of thedistillingtower.Light gases( methane,ethylene,propane,and propylene) are
byproductsoffurtherefining.
By varyingtheportionsof hydrocarbons,salt,chlorine,formaldehyde,nitrogen,
andotherchemicals,chemistscreatea gratevarietyof polymers.Hydrocarbons,of course,
arethebuildingblocksof polymers.Hydrocarbonsalso may come from agricultural
products,uchascottonseed,linseed,soybean,lard,and safflower.Methaneandother
gasesmaycomefromsewagesludgeandcrushedcoal.
Grain( starch,proteinand oil products) has been madeinto biodegradable
plastics,emi-permeablemembranes,andprotectivefilms. A wide rangeof plasticsare
producedfromagriculturalproducts.Cornstarch-basedplasticsfilm is usedas a mulch
andprotectivecoveringthatkeepsin moistureandheat.Polyethylene-basedresinsmaybe
madebothphotodegradableand biodegradableby incorporatingcornstarchinto the
molecularchain.Morethan125million poundsof petroleum-basedplasticsfilm were
usedasmulchin 1985.
Thehumanraceis drainingtheworld's reservesof oil. Soonwe will haveto use
otherhydrocarbonsourcestoproducepolymers~asaresult,wewill needtousemorefarm
andhumanwasteproductsthanwetoday.
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A studyof globalprospectsfor energyup to theyear2000concludesthat"oil is
essentialforjusttwomajoruses:transportationandpetro-chemicalfeedstocks."
Plasticstechnologistsare also working on the secrets of photosynthesis.
Photosynthesis,theprocessby whichplantsconvertlightandcarbondioxideinto sugar,
mayleadto newwaysof producingsimpleorganicchemicals.Bacteriaor smallplants
mayfermentsugartoproducealcohol,arawsubstanceformakingmanyplastics.
1.6.2Light Penetration
Lightisoneof themostdifficultphysicalentitiesto thinkabout.It canbethought
ofasarayif lensesarethesubject,asatrainof electromagneticwavesof varyinglengthif
it isthecolorandasaflowof energyparticlesif thesubjectis photoelectricell.
Opticalpropertiesarecloselylinkedwithmolecularstructuringsuchas chemical
bondingandcrystallinity.Thereforetheelectrical,thermalandopticalpropertiesof the
plasticsareinterrelated.
Gloss,luster,haze,transparency,color,clarity,andrefractiveindexareonlya few
ofthemanyopticalpropertiesof importancetoplastics.
Becausemanyplasticspossessuniqueopticalpropertiesthey areoftenclassified
relativetolightpenetration.Theopticalpropertiesummarizethisclassification.
Opaque-lightwill notpassthrough.Cannotbeseenthrough.This meansthatany
lightthatfallsonsuchamaterial,will be reflectedaccordingto thetextureandthecolor
oftheplastics.
Transparent-Lightwill passthrough.Can be seenthrough.This typeof plastics
haveglassycolors.Ethylenevinylacetateis anexampleof suchapolymer,whichis being
usedinbellowsfordollsthatcanbeseenin figure3.13
Translucent-Lightwill passthrough.Cannotbeseenthrough.
Luminescenthastwotypes;thefirstoneis fluorescentwhichemitslightonlywhen
electronsare excited and is usually transparentand the second one is
phosphorescentwhich gives off lightenergymoreslowlythanit takeson light.
Mostofthesignsmadeof plasticsarephosphorescent.
WIthinthesespecialties,thetransparentis themostimportantypebecausethis
kindof plasticsreplaceda material,the glass.Othersappearedwith the entranceof
polymersIII theindustry.Plastics,manyof whicharetransparent,arrivedon thescene,
andnotonlydidtheyenterintocompetitionwithglassin traditionalsectors,buttheyalso
9
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spreadtransparencyto newmarketingareassuchaspackaging,furniture,andclothing.If
a materialpresentsa homogenoustructurea light ray can travel throughit without
disturbance.Themediumin this caseis perfectlytransparent.In general, however,no
materialexistsin thiscondition;hence,light flow is split up. Radiationwith a certain
wavelengthwill passthrough,othersareblocked,andthequalityof flow transmittedis
thuschanged.
Transparencydoesnot only meanthe passageof thatrangeof electromagnetic
wavesthatoureyesarecapableof perceiving,butalsowavesthatareoutsidethefieldof
visiblelight:ultraviolet( low wavelengths) andinfrared (high wavelengths). Whena
lightraypassesfromonetransparentmediumtoanother,atthemomentin whichit strikes
thesurfaceof thesecondmaterial,partof it is reflectedandpartof it is emitted.The
quantityandthequalityof thelightreflecteddependon theopticalcharacteristicsof the
pairof thematerials,andon the angleof incidence.The part thatpenetratesinto the
secondmediummaybetotallyabsorbedandtransformedintothermalenergy.This typeof
materialiscalledopaque.
Thematerial'stransparencydependsnotonlyon thequantityandthequalityof
theenergythatpassesthroughit, but also on its abilityto transmitimages,that is to
maintaintheorderof a beamthatof rays.An opalescentmaterial,for instancetransmits
lightwithgoodenergyefficiency,but causesthe loss of the informationcarriedin the
Images.
A material,in orderto betransparent,needbe absolutelyhomogeneous-it must
onlybehomogeneouswithrespecto theflow of light.Possiblenonhomogeneitiesdonot
compromisethetransparencyif theirsizeis lessthanthewavelengthof theincidentlight
radiation.Therefore,signalcrystalandamorphousmaterialscanbeconsideredtransparent
andsemicrystallineplasticsarenottransparent.
Ontheotherhand,surfacesstill playa crucialrole. The qualitydeterminesthe
shareof energyreflected,andaboveall- theycancausethe loss of thatspecialorderly
lightflow thatis essentialto transparency.This dependsas much on the intrinsic
propertiesofthematerial.Amongthesepropertiesoneof themostimportant,in termsof
lastingopticalperformance,is surfacehardness.
Manyplasticsare transparent-amorphousthermoplasticsare transparent,and
\\hilcsemicrystallinethermoplasticsareopalescentwhenusedinthinlayers,theycanalso
becomepracticallytransparent,lastlymanythermosetplastics,if theyarenot filled are
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alsotransparent.Plasticstherefore,proneto givethechanceto createthetransparentthe
entirerangeofpossibilitiesgeneratedbytheirremarkableworkability.
Finally,it is wiserto considerwhatis achievedby thetransparency.Transparent
objectshavealwayspossessedthree differentpersonalities,often integratedone in
another-oneishygienicandfunctional,oneis informationrelated,andthethirdis esthetic
andemotional.Bringingsunlightintoa darkspacemakesit morehealthfulandimproves
visibility;seeingthrougha wall or doormeansreceivinginformationon whatlies on the
othersideandwatchingthelight'smovementis thejoy of transparency.
t.6.3HeatReaction
All plasticsfall intotwobroadcategorieswithregardtotheirreactiontoheating.
Theyareeitherthermoplasticorthermosetting.
Thermoplasticmaterialsbecomesoftwhenheatedandsolidwhencooledto room
temperature.Thissofteningandsettingmayberepeatedmanytimes.It is somethinglike
meltingandcoolingwax.Whencooled,theplasticsbecomefirm.
Themostusefulmembersof the thermoplasticgroupare acrylics,cellulosics,
polyamide,polystyrene,polyethylene,fluoroplastics, polyvinyls, polycarbonate,and
polysulfone.
Thermosettingmaterialsmay not be reheatedand softenedagaIn. Once the
structuralframeworkis set,theseplasticscannotbe reformed.Useful membersof the
thermosettinggroupincludeaminos,casein,epoxies,phenolics,polyesters,silicones,and
polyurethanes.
1.6.4PolymerizationReaction
Moleculesare formedor producedinto polymersby two typesof reactions:
I) additionpolymerizationr2)condensationpolymerization.
Mostof thepolymersarebeingproducedby additionpolymerization.In addition
polymerization,unsaturatedhydrocarbonsarecausedto form largemoleculesby using
methodssuchasemulsion,bulk,solution,suspensionandthecombinationsof them.In the
condensationpolymerization,a polymerdifferentfrom thoseproducedby the addition
methodandhavingvariedproperties,maybe produced.The condensationprocessis a
hemicalrt:actioni whichasmallmolecule,oftenwater,is eliminatedfromthepolymer.
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1.6.5Molecular Structure
Polymersmay be composedof different repeatingunits with different structures.
All propertiesof the polymer are effected by the arrangementof the repeating units.
Monomersformfive basic molecularstructures: 1) linear, 2) branched, 3) cross linked,
4)graft,and5) interpenetrating
Linear
Graft
Branched Cross-linked
Interpenetrating
Fig. 1.2.Molecular structure(Richardson 1989,p.28)
Linearstructuresare long chains of molecules like rope. The primary bonds that
hold themonomericunits togetherwithin polymers are covalent bonds. In the linear
tructuresthereis nobranching.
Branchedstructuresrepresentthree-dimensionalbranching of the linear chain.
Lo -densitypolyethylene(LOPE) is a good exampleof branchedpolymeras the branches
ofpolyehtyleneareirregularlyspacedalong thechain.
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Crosslinkedor networkstructuresinvolveprimary,covalentbondsbetweenthe
molecularchains.Forcrosslinkingtheremustbenumberof saturatedcarbonatoms.This
typecanbeseeninthermosettingplastics.
Graftpolymersaresimilarto thecross-linkedandbranch-structuredcopolymers.
thesidechainspermitlessmovement.As a resultthedeformationis moredifficult- or
impossible.
Interpenetratingpolymernetworkis anentangledcombinationof twocross-linked
polymersthatarenot bondedto eachother.The techniquesof combiningdissimilar
polymerstoforminterpenetratingetworkresultsin aplasticsalloy.
1.6.6CrystalStructure
Crystallinityis determinedprimarilyby molecularstructure.Polymersmay be
classifiedascrtystalline( actualsemicrystalline) andamorphous.Manypolymerspossess
a significantdegreeof crystallinity.The ordered,threedimensionalarrangementof
moleculesresultsin crystallinity.The skeletonof fibrousaggregatesof polymerchains
(lamellae)generallydefinethe principal directionof the structuregeometry.These
directionalfeaturesresultin materialsthataregenerallyisotropic.It shouldbenotedthat
polymersinvariablycontaina proportionof amorphousmaterial.Polymershavevarying
percentagesor degreesof crystallinity.Polyethylene,polypropylenepolyamide,and
polytetrafluoroethyleneareclassedascrystallineor semicrystallinepolymers.Onlyduring
themeltstageisacrystallinepolymeramorphous.
Increasedegreeof crystallinityraisesthe meltingpoint,increasesdensity,and
generallyimprovesmechanicalproperties.Increasedcrystallinity alsogenerallylowers
impactstrength,solubility,andopticalclarity.
Amorphouspolymersin contrastlackanyinternalskeletonor structure.Theyare
generallydescribedasisotropicmaterials.Therandommolecularstructuresof amorphous
polymersdo not containcrystallineregions.Polystyrene,polymethylmethacrylate,
polyesterpolyurethane,urea-formaldehyde,andepoxyarefamiliaramorphouspolymers.
1.7HistoryofPlastics
HistoriansfrequentlyclassifYtheearlyagesof manaccordingto thematerialsthat
heucdformakinghisimplementsandotherbasicnecessities.The mostwell knownof
theseperiodsaretheStoneAge, the Iron Age andthe BronzeAge. Such a systemof
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classificationcannotbeusedto describesubsequentperiodsfor withthepassageof time
manlearntouseothermaterialsandbythetimeof theancientcivilizationsof Egyptand
Babylonhewasemployinga rangeof metals,stones,woods,ceramics,glasses,skins,
hornsandfibers.Until thenineteenthcenturyman'sinanimatepossessions,hishome,his
tools,hisfurniture,weremadefromvarietiesof theseeightclassesof material.
Duringthelastcenturyandhalf, twonewcloselyrelatedclassesof materialhave
beenintroducedwhich havenot only challengedthe older materialsfor their well-
establishedusesbuthavealsomadepossiblenewproductswhichhavehelpedto extend
therangeof activitiesof mankind.Withoutthesetwo groupsof materials,rubbersand
plastics,it is difficulttoconceivehow sucheverydayfeaturesof modemlife suchasthe
motorcar,thetelephoneandthetelevisionsetcouldeverhavebeendeveloped.
Manypeopleconsideronlythesyntheticsasplastics.Actuallytheplasticsindustry
startedwithanimalhornandhoof,tortoiseshell,bone,ivory,guttapercha,shellac,glue,
andothercompounds.
Fig. 1.3 Earlyuseof plastics(Dubois
1972,p.4)
The early use of plasticswas in lantern
windows in 1740after the openingof the first
glass plant in USA. The window material IS
keratin,delaminatedfromnaturalhorn.
Observationsby the Swedishchemist1.1.
Berzeliusled,in 1833,to theproductionof oneof
the first syntheticcompoundscontainingseveral
thousandmolecules.
ThetermpolymerwasfirstusedbythechemistH.V: Regnault,when,in 1835,he
)ntheizedtheplasticsvinylchloride.A polymeris a substancethathaslargemolecules
madebyjoiningmanysmallmoleculesof oneor severalsubstances.
Thefirstknowncommercialuseof polymericmaterialoccurredin 1843,by Dr.
GeorgeIV WilliamMontgomerie,a malayansurgeon.He notedthatthemalayansuseda
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naturalpolymermaterial,guttapercha,to makeknifehandlesandwhips.Resinscollected
fromguttaperchatreesweresenttoEnglandto interestedscientistsandmanufacturers.
MichaelFaraday,a pioneerin electricity,foundthatguttaperchawas a good
electricalinsulatorin waterandsoit wasusedasinsulationfor thefirsttransatlanticable.
Modernunderseacablesstilluseplasticsforbases,housing,shields,andcores.
In 1862,AlexanderParksof Birmingham,England,displayeda newplasticsatthe
internationalExhibition in London. Called Parkesine,this plasticswas made from
nitrocellulosecontainingless than 12 percentnitrogen.When nitrogencontentof
nitrocellulose,a combinationof nitric acid andcellulose,is morethan 13 percent,the
materialisknownasguncotton,anexplosiveusedin theCivil WarandWorldWarI.
John W. Hyatt,a New York printer,begansyntheticplasticsproductionin the
UnitedStates.In 1868,Hyattrespondedto anadvertisementto find a substitutefor the
ivoryusedforbilliardballs.Thereis no recordthatHyatteverreceivedthereward,buthe
didsucceedin producinga newplastics.HyattaGcidentallymixed camphorwith some
pyroxylin( anitrocellulosewithlow nitrogencontent), andCelluloidresulted.This new,
easilymoldedmaterialwaslessexplosivethanpreviousnitrocelluloseplastics.
Fig. 1.4 Bakelitebeingusedforbilliardballsinsteadof Gutta-perchabyHyatt
( Dubois1972,p.99)
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At theendof Civil War,therewerehugequantitiesof surplusnitrocellulose.Hyatt
andhisbrotherboughta largeamountof thissurplusto useasrawmaterialandtheywere
grantedover75UnitedStatespatentsfortheproductionof plastics.
In 1897,W. Krischefoundthatproteinfrommilk couldbe usedto makea new
plasticmaterialcalled casein.A Bavarian,Adolf Spittler, found that treatingthe
compressedproteinsheetswith formaldehydeimprovedtheirwater-resistance.Casein
plasticswerethenmostlyusedasadhesives.
Basedontheearlierworkof a GermanchemistAdolf von Baeyer,Leo Hendrik
Baeklandof UnitedStatesproduceda newresin,phenolformaldehyde,thatadvancedthe
commercialuseandacceptanceof plastics.In 1909,Baeklandsecuredpatentsto and
beganproducingplasticsproductsusingthetradenameBakelite.
In 1920'scelluloidreplacedivoryandwasusedfor thenaturalkeysonpianosuntil
1950.Anotherusageareaof celluloidwasin theautomotiveindustry.Somepartsof these
newmachineswerereplacedby this new materialor it's derivativesdue to it's high
performanceharacteristics.As anexample,1920modelFordT hadraincurtainsmadeof
clothcoatedwithcellulosenitrate,andthewindowswereof celluloid
Fig. 1.51920ModelT Ford (Dubois 1972,pA8)
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Plasticstechnologydevelopedasnewpolymerswerediscoveredandnewmethods
of formingandshapingthemweredevised.New steelsfor usein moldingplasticshadto
bemade.Machinerybuilders,engineers,educators,salespeople,andothershadto learn
aboutthisnewtechnology.Thiseducationprocesscontinuestoday.
It mightbe saidthat the plasticsindustrywas in the bronzeage of plastics
developmentduringthe1970's.Most developmentduringthis timewasdirectedtoward
discoveringnewmonomersorhomopolymers.
Today30000differentpolymeris known to exist and polymerchemistsand
engineersarecombiningandassemblingmanysyntheticpolymersto improveproperties,
improveprocessing,or lowercosts.The ideaof combiningor assemblingtwo or more
differentmaterialis mucholderthanmodifYingthepolymerchain.Many of thedemands
madeuponmodemmaterialsareso severethatindividualmaterialsno longerperformor
havethedesiredproperties.
Table1.1Thechronologyof Plastics
Date Material Example
1868
CelluloseNitrateEyeglassframes
1881
id Artificial teeth
909
Phenol-form ldehydeT lephon handseto dmolded Knobs nd les
14
Bake ite nd n lsof Kodakspecialcameras in itting dl
23
Reinf rcedphenol cCar uretor
6
Alkyd El ctr calBasesnalineformaldehydeTe min lboards
7
acetateo hbrus es,packagingol vinylchloriR inco s
19
l Impe l rforwashing-machine
9
Urea- mald hydLig ixturdph n lic l i sh ver,S hickModelA
35
Eth lcellulos Flash htc s
17
1936 Acrylic Brushbacks,displays
1936
Pol vinylacetateFlashbulblining
8
Cellulose butyr teIr igationpipeystyr neor styreneKitchenHousewaresNy on( polyamide)Gearst lSaf tyglas interl er
9
id necWorideAuto eatcov rsM amine-for ald ydeTablew re
42
l ester o thulls
19
h en q eez ebo tles( Stoppette)
3
Fluorocarbon n s ialgask tsSilicone M r i sulation
5
e u osepr pio tutomaticpen andpencils
7
Epoxy To l ·andjig
8
Acr lontrile-bu di -lug g
styrene 1949
lly ic El ic l nnector
1954
Poly re h orur t aneF amcu hions
\ 5
t R si !g fi rv B dy,1955corvettecetal ar sp y ne f helm tscarb at pp i c p rt l ( l ne rH H o
9
Ch ori at p lyeth rV lv s ndfit ing
2
en xy Bo s
\ 6
l m r T w rc seIone er Skinp ckah l oxat sesi id s
\
th le -V la avy- u eflexiblesheeting
19 5
a I s l g oasulfon E c ric nd l ctronic a ts
18
1965 PolymethylpenteneFoodbags
1970
(amide-imide)FilmsTher oplasticpolyesterEl ctricalandelectronicparts
2
P imideValveseatserfluoroalkoxyC a ingsrylyetherRecr ationhelmets
3
ethersulfonOvenWindows
4
Aromaticpoly s rsir uitboardsbu yl n Pipe
5
Nitrileba rierresinsa kagi g
6
yph nylsulfoneA ro pacecomponents
8
B s aleim d
1982
l imide a lec ntainersth rk toWi co ti gInt pe etrat gN tworksShowerst lls
(IPN)1983
Po ar lsulfonla ph u i gsi id nveylinks
5
k ton ut tiveengineparl ethersu f n idesLiqu d-cr p ly rsnic t
1989
RIM PolyurethaD p ls f cars
90
Ther Poly st r(SMC) Ch vroleLumina
Someexamplesof thementionedproductscanbeviewedin belowfigures.
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Fig. 1.6 TheKodakspecialKamera (Dubois 1972,p.98)
Kodakspecialcamerawasthe first to useplastics.The endpanelsweremolded
fromBakelitein 1914.
Fig. 1.7 Thelinearpolyehtyleneusagein HoolaHoop (Dubois 1972,p.306)
Fig.1.8Theworld'sfirstelectricshaver,SchickModelA (Dubois 1972,p.185)
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SchickModelA, wasmoldedof redphenolicby NortonLabrotoriesin 1930.The
moldcost400,000US$ atthattime.
Fig.1.9Thefirstproductionautomobilebody,1955Corvette (Dubois 1972,p.300)
1.8BondingIn Plastics
Mostelementsarecombinationsof two or moreatomsbondedtogetherto form
molecules.Moleculesin crystalsassumespecificgeometricpatterns.Attractiveforces
fonninvisiblebondsbetweenatomsand influencethepropertiesof all materials.The
fundamentalprinciplesof bondingmustbestudiedandunderstood.
Bonds(ionic,covalentandvanderwaals) areall importantconsiderationsin the
studyof plastics.Thesebondsdeterminemanyof the physicalcharacteristicsof the
plasticsproducts.
All bondsbetweenatoms and betweenmoleculesare electrical in nature.
Individualtomsareheldtogetherby the electricalforcesof their individualparticles
(protonsandelectrons).It is theseforces,eithernegativeor positive,thatbondatomsinto
moleculesaswell.Thevalenceelectronsprovidetheconnectinglink or bondthatcreates
amolecule.
Mostelementsconstantlytryto reacha stablestate.Theybecomestableonlyby:
a)receivingextraelectrons,b) releasingelectrons,or c) sharingelectrons.In doingthis
theymakeuseof twobasicbondsystemswhichmaybeclassifiedas; Primarybondsand
secondarybonds.
1.8.1PrimaryBonds
Ionicandcovalentbondingforcesareknownasprimarybonds.The simplestbond
tounderstandis theionicbond.In ionic bonding,thereis an actuallendingof oneore
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moreelectronsfromoneanother.For examplesodiumhasoneelectronin its outermost
shell.Chlorinehasonlysevenelectronsin itsoutershell,buttendstobecomestablewith
eight.Sincelessenergyis requiredto lendoneelectronthanseven,theelectronjumpsto
theoutershellof thechlorineatom.This convertsthesetwopreviouslyneutralatomsto
oppositechargedions.A strongelectrical attractionbetweentheionsprovidesthebond
thatholdstogetherthesodiumatomandthechlorineatomin a compoundcalledsodium
chloride( NaCl ) molecule.Ionic bondingcanoccuronly betweentheelementson the
oppositesidesoftheperiodictable,theIA andVIlA groups.
The majorrequirementin an ionically bondedmaterialis thatthe numberof
positivechargesequalthenumberof negativecharges.
Anotherprimaryforceof attractionis the covalentbond. In covalentbonding,
electronsaresharedandthevalenceorbitalsbetweenadjacentatomsoverlap.Covalent
bondingmakesit possibleforelementsadjacento eachotheron theperiodictableor two
atomsofthesame lementobondtogether.
Thesimplestexampleof sharedelectronsis foundin thehydrogenmolecule,H2.
Theelementhydrogenhasonlyoneelectronin its K shell.Hydrogenrarelyoccursthis
wayinnaturebecausetheK shelllevelseekscompletion.In all theatomsthefirst shell
requirestwoelectronsandcannotholdmorethantwo.
Whentwohydrogenatomscombine,eachsharesanelectronanda singlecovalent
bondisformed.Unlikesodiumandchlorine,whichareoppositechargedwhencombined,
hydrogenatomsremainelectricallyneutralafterjoining forceto makea molecule.The
atomsdrawcloselyenoughtogetherso thattheir electronsbeginorbitingaroundboth
nuclei.The strongbondresultingfrom this sharingof electronsis that holds giant
moleculestogether.Whentwo electronsfrom eachotherare shared,a doublebond is
formed.Anevencloserbondis producedwhenmoreelectronsareshared.
1.8.2TheMetallic Bond
A thirdprimarytypeof atomicbondingis metallicbondingwhichoccursin solid
metal. In metalsin the solid state,atomsare packedrelativelyclose togetherin a
tematicpatternorcrystalstructure.Forexamplein thearrangementof copper,atoms
ar 0 closetogetherthattheiroutervalenceelectronsareattractedto thenucleiof their
numerousneighbors.In thecaseof solidcopper,eachatomis surroundedby 12nearest
tghbor.ThevalencelectronsareThereforenotcloselyassociatedwithanyparticular
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nucleusand are thus spreadout among the atoms in the form a low density electron
chargecloud,or "electrongas."
Atomsin a solid metalbond themselvestogetherby metallic bonding to achievea
lowerenergy( or more stable) state.For metallic bonding there are no electron pair
restrictionsasfor thecovalentbondor chargeneutralityrestrictionsas for the ionic bond.
In metallicbonding the outer valence electrons of the atoms are shared by many
surroundingatoms,and,so, in generalmetallicboundingis non-directional.
1.8.3SecondaryBonds
Secondarybonding forces, or van der waals forces are much weaker than the
primarybonds.Thesearethe forces thatbind the atomsof inert gasestogetherto form a
liquidorsolid.
Secondarybondsthat hold molecules togetherare relatedto the electrical forces
thathold atoms together.Ionic and covalent bonds occur between atoms to make
molecules.Van der walls forces are the bonds between the molecules or between the
atomsin differentmolecules.Most van der waals forces of attractionarise from three
sources: ].Dipolebonds
2.Dispersionbonds
lHydrogen bonds
Whenhydrogenandfluorine atomscombine,theyare left electrically imbalance.
ThISoccurseventhoughtheK shell of the hydrogenatom andthe L shell of the fluorine
nucleuscompletelysurroundedby electrons,while thecovalentlysharedelectronsareoff-
center.This leavesthe positive hydrogennucleus exposedat the end of the bond. This
imbalanceis calledanelectricdipole. It is theseelectrical imbalances,or secondaryforces
ofattraction,thatcausemanymoleculestojoin.
(-) (+) H F
Fig. ].10 Electrical Dipole effect in HF molecule
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An importantbondingforcebetweenmoleculesof manyorganicsolidis dispersion
bond.Astheelectronsorbitaroundthenucleusof eachatom,a momentarydipoleeffect
(polarization)isestablished.Withanatomof hydrogen,it is easyto seehowonesideof
theatomcanbecomemorepositivefora moment.
A weaksecondaryvanderWaalsforcesimilartothedipolebond,is thehydrogen
bond.This forceis producedby the exposednucleus(proton)of the hydrogenatom
attractingtheunsharedelectronsof nearbymolecules.
Becauseall vanderWaalsforcesformrelativelyweakbonds,plasticsandother
materialsinvolvingtheseforcesarecomparativelysoftandhavelow meltingpoints.
1.8.4MixedBonding
Mixedbondingcommonlyoccursbetweenatomsandin molecules.For example,
metalsuchastitaniumandiron havemixedmetallic-covalentbonds;covalentlybonded
compoundssuchas GaAs and ZnSe havea certainamountof ionic character;some
intermetalliccompoundsuchasNaZnl3 havesomeionic bondingmixedwith metallic
bondingIn general,bondingoccursbetweenatomsor moleculesbecausetheirenergies
areloweredbythebondingprocess.
1.9IndustrialPlastics
Thefirstcommercialplastics,Celluloid,wasdevelopedabout100yearsago,but
inrecentdecades,explosivegrowth haveoccurredin theindustry.SincetheWorld War
II,theplasticindustryhasbeengrowingataratedoublethatof otherindustries.
Plasticsarewidelyusedin everydayliving-athome,on thejob, andevenat the
frontiersof space.From housewaresto exotic aerospaceapplications,plastics are
replacingmoretraditionalmaterials.The volumeof plasticsconsumed,hasexceededthe
volumeofmetalsconsumed,in 1983.On theotherhandalthoughmostpeoplethinkthat
plasticsarebeingused in the mentionedareas the main area is elsewhere.The
constructionindustryis usingplasticsmorethanothersdespitelimitedacceptanceby
laborunionsandthepublic.
Theestimatedconsumptionof plasticsthroughthe year2000 in thousandsof
metrictonesby miscellaneousindustriesis as follows; The buildingInd., 7000,the
packagingInd.6000,theautomotiveInd.5000,theelectronics-electricalInd.3000.
24
300
millioncubic
metres Plastics
1983
1960 1970 1980
Fig.1.11Wordconsumptionof ironandsteelandof plastics( Richardson1989,p.9)
Electronicsusedabout 1000000tonsof plastics,worthmorethanbillion dollars,
In the manufactureof components.The growing use of plastics in all modes of
transportationis mostevidentin theautomobileindustry.Thepackagingindustryhaslong
beenhighvolumeuserof plasticsandthattrendcontinuestogrow.
1.9.1ExtentOf The PlasticsIndustry
Theextentof theplasticsindustrywith eachpassingdayis becomingincreasingly
difficulto defineplasticsas a discreteindustry.Plasticsareproductsof companiesin
practicallyevery industry including steel, paper, chemicals,petroleum,electronics,
construction,electric,transportationandetc.
Plasticsareknownbymanynames,someof whicharehardto pronounce.For this
reason,manufacturersu etradenamesfor theirbrandsof resin,knowingthesenamesare
easierfor consumersto pronounceand remember.For example,Acrylite, Lucite,and
Plexiglasaretradenamesfor polymethylmethacrylate,plasticsmanufacturedby three
differentcompanies.Acrylic is usedasthecommonname.
Theplasticsindustrymaybe dividedinto threelargecategoriesthatsometimes
overlap:
1.The materialmanufacturerwho producesthe basic plastics reSInSfrom
chemicalsources.
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2. Theprocessorwhoconvertsthebasicplasticsintosolidshapes.
3. Thefabricatorandthefinisherwhofurtherfashionsanddecoratestheplastics.
In polymerproductionpart,a simple flow chartof the polymerindustrywas
shown.There may be additionalconnectinglines betweenthe polymer industry,
processingindustry,andfabricationindustry.Also, a connectingline couldbedrawnto
thewasteandrecyclestage.. Therearewasteproductsin all stages.Plasticsandother
chemicalsarerecycledin eachstage.Recyclingis moreeconomicalby savingenergyand
materialresources.This canbeachievedbybetterconsumerstrategiesinsteadof thinking
whatodowithsomanywasteplasticsafterproducing
Odor, noise,and, in processing,radiationpollution are amongproblemsthat
affectstheplasticsindustry.Pollutantshavebeengivenincreasedattentionbecauseof
theireffectonpeopleandtheenvironment.Theseeffectscaninvolvea remarkablerange
of problemsincludingchemical,physical,social,psychological,andevenpsychological
damage.Theplasticsindustrymustapplytheknowledgeandtechnologyathandto solve
theseproblems( Richardson1989,p.ll).
1.9.2Recycling
The ultimateproblemto pollutionand solid wasteproblemis reclamationor
recycling.Thelargestsingleobstacleto reclamationof plasticsis theneedfor a practical,
lowcostmethodof separatingplasticsfromwastes.
Plasticsrecyclingis an infantindustry.Metals and papershavelong established
reclamationtechnologies,industries,andassociationsinterestedin recovery.The Center
forPlasticsRecyclingResearch( CPRR ), SPI, theSocietyof PlasticEngineers( SPE ),
andotheragenciesand industriesrecognizethe importanceof reclaimingand reusing
materials.
Thereare four generalclassificationsfor recycling plasticswaste. I )Primary
recyclingistheprocessingof scrapplasticsintothesameproductor onesimilarto that
fromwhich it was generated,using standardplastics processingmethods.Only
thermoplasticswastecanbe directlyrecycledandreprocessed,andthematerialmustbe
clean.Primaryrecyclingcausesgeneralreductionof mechanicalpropertiesthrougha
generalthermoexodatived gradationor, in somecases,branchingandcrosslinking.The
aspectratioof reinforcements,chainlength,andmatrixinterfacearegenerallylower.Up
26
to 100% reprocessedmaterialmaybe usedfor less criticalapplications.An industry
sourceestimatesthat 75% of plasticswastegeneratedduring fabricationis reused.
2) Secondaryrecyclinginvolvesreprocessingplasticsintoproductswith lessdemanding
propertiesandquality.Thewastemaybeobtainedfrompostconsumerwasteor industrial
plasticswastesources.Theremaybe a mixtureof differenttypesof plasticsandsmall
amountof nonplasticmaterials.Drain pipes,cargoskids,flower pots,posts,andcable
reelsarefamiliarproductsformed by intrusion( flow) molding,compressionmolding
andextrusion.3)Tertiaryrecyclinginvolvesa pyrolysisprocessin whichsimplechemical
compoundsaremadeof mixturesof waste.The processdoesnot causeair pollution,
reducesthevolumeof wasteby 90%,andresultsin valuablechemicals( tar,gases,light
oils,andotherorganiccompounds). 4) Quaternaryrecyclingis the recoveryof energy
fromwasteplasticsbyincineration,hydrogenation,oranaerobicdigestion.
1.10AdvantagesandDisadvantages
It is includedto show positiveand negativeaspectsof plasticsin general.For
examplenotall plasticsareeffectedby moistor all changeshapeeasily.Thereforplastics
havetheiruniquecharacteristicsbutcostfactorsmaybeconsideredanadvantagein many
plasticsproducts.
Advantagesof Plastics
1.Corrosionandchemicalresistance
2. Goodthermalandelectricalinsulatingproperties.
3. Maybemadeisotropicoranisotropic
4. Goodstrength-to-massproduction
5. Light(mass)weight
6. Easeof processing
7. Availablein varietyof forms
8. Capableof beingfoamedormadeflexible
9. Availableastransparent,ranslucent,oropaque
10. Availablein widerangeof colors
Disadvantagesof Plastics
I.Dimensionalinstability
2. Limitedusefulthermalrange
3. Fragility( maybreak,crack,or scratcheasily)
4. Flammability(manybumeasily)
5. Absorbmoisture
6. Non-degradability(somedonotdecompose)
7. Subjectoattackbychemicals( deteriorate)
8. Odorsorchemicalfumesin processing
9. Difficultyof repair (thermosets)
10.Cost(varybyfamily)
1.11DesigningWith Plastics
Plasticshavehelpedproducenew designsin automobiles,trucks,buses,rapid
transitvehicles,aircraft,boats,trains,musicalinstruments,furniture,appliancehousings,
biocompatibleimplants,and other applications.Aerospaceand military researchin
compositedesignshave changedour conceptof designand traditionalconstruction
techniques.Lightweightcompositeshave allowed dramaticadvancesin aerospace
technology.New world-recordsarebeingsetwith theaid of compositebicycles,sleds,
canoes,tennisrackets,andotherathleticequipment.
Manyplasticsarestrongerandlighterthanthemetallicpartstheyreplace.
It is frequentlynecessaryto combineseveralmaterialsinto a composite.A
compositeisformedwhentwoormorematerialsarecombined,usuallywiththeintention
ofachievingbetteresultsthancanbeobtainedwitha single,homogenousmaterial.
Somethermoplasticpolymersarecombinationsof morethanonepolymericresin
system.Alloyingandblendingtechniquesareusedto improvephysicalproperties,lower
cost,orimproveprocessing.Thesealloysandblendsgenerallyhavea synergisticeffect.
Theresultingcombinationmayproducea polymerwith attributesbetterthanthoseof
eithercomponent.
Withincreasingdemandsfor emissioncontrolandfuel economy,plasticsarean
importantautomotivedesignelement.Reducingmassis oneof themostefficientwaysof
increasingfueleconomy.
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Researchershaveestimatedthatevery100poundsreducefrom a 2500 pound
automobileproducesfuel savings of 0.3 miles per gallon. The energyresource
requirementsperpoundof mostplasticsareonlyhalfthatof aluminumorsteel.
Becauseplasticmaterials are easilyprocessed,they havebecomethe perfect
substitutesforothermaterials.Oftenbetterresultsmaybegainedby usingplasticsasthe
originaldesignmaterialratherthanas a substitutematerial.Someof the earlyusesof
plasticswerefailuresbecauseplasticsproductsweredesignedwit little regardfor the
propertiesand limitationsof the material.A lack of structuraldesignknowledgeis a
problemeventoday,becauseplasticsarenotsufficientlyunderstoodby somedesigners,
engineers,andtechnicians.
1.12PolymerTechnologyin Turkey
The polymerindustryin theworld, hasthe productioncapacitymorethan 100
milliontonsperday. Thevarietyof implementationsandtheincreasein therequirements
is leadinga continuosincreasein thecapacityof production.The polymerproductionin
Turkeyis onlythe1%of theworld'sproduction.Thepolymerconsumptionperpersonin
Turkeyandinothercountries,is asfollows~
Turkey:5.63unitskg,Finland:118unitskg,USA: 72unitskg, Japan:53unitskg,
Italy:44unitskgand,Spain:29unitskg.
This comparisonis emphasizingthatour productionwill increaseat leastfive
timesmorebytheyear2000relatively( YedinciBe~YllhkKalkmmaRaporu,Plastik).
CHAPTER 2
CHILDREN
2.1PlayingGames
Adultshavefoundit convenientto amusetheirchildrenwithtoysfromtheearliest
times,andexamplesof bronzeminiaturefurniture,earthenwaredolls and animalswith
simplearticulationhavesurvivedfromtheancientcivilizations( King 1978,p.7)
During the last century,psychologistsand educatorsconductedthousandsof
studiesto determinewhenandhow youngchildrenlearn.The resultsof the researches
seemedto confirmwhatparents,grandparentsandwiseobserversof youngstershavelong
known:thatlearningoccursspontaneously,naturally,andconstantlyduringplay.Play is a
prerequisiteo laterintellectualactivity,andnumerouskills andabilitiesaredeveloped
andrefinedwithinthecontextof play( Boehm1986,p.l)
It is throughplay,thata childdevelopsa sensenotmerelyof freedom,expression
andcreativitytoo,but, ironically,a needto be obliged,or at leasthavehis expressions
defined.Playtherefore,is oneof thefirst stepsof personalandsocialevolution( Cottle
1976,p.28)
Childrenare usingplayas a vehicle,as a mediumto travelthe boundariesof
realityandfantasy.In pretendplaytheyarenotonlyusingtheirimaginationandcreative
energiesbutalsolearnto understandthemselves,theirfeelings,andotherintrinsictalents.
Onecanobservethatit is throughplaythatchildrentranslatetheworldto child sizeand
manageableproportions,wheretheyarein control.At theheartof playthereareno fixed
rulessavethosemadeby theplayer( Oppenheim1987,p.xx).Whenchildrenplaythey
exercisetheirproblemsolvingskillsto solveintellectualpuzzleandalsosocialemotional
andphysicalones.
By observingthe multiplemodes,we can seethatplay meansmanythingsto
children.In aplaya child is alwayseagerto alterthepossibilitiesof thegamein orderto
enrichthelimitsof life. So theplayis themainmediumfor transformingthedull life into
alifeofrichvariations.
On the otherhandplayingis morethana way of developingthe talentsand
enrichingcreativity.It is thefrontierof socialization.Whethertheyarerollinga ball back
andforthin agameof roly-polyor playinghouse,duringplaychildrenlearnthelanguage
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of giveandtake,of communication,cooperation,andevennegotiation.Whatbeginsasa
duetbetweenparentandchildgraduallygrowsintoanorchestrathatincludesplaymates,
schoolmatesandteammates.(Oppenheim1987,p.xx)
When a child is playing,the main thing that convinceshim aboutthe plays'
imaginativerealityor strengthenthebelief, is thetoythatis beinghold in thehand.In
otherwordstoysarelike devicesthatarealwaysreadyto getthemintoanylife structure
theycanimagine.
Toysarefun,themainsourceof entertainmenteverychild is fond of. But, here
liesa problemthateveryfamilyhasto findananswer.Whatkindof a toyis therighttoy?
As a matterof factthereis no "right" setof toysfor everychild, but rathera needfor
variety.Capabilityof variationis thecriteriathatdetermineswhethera toyis thebesttoy,
abettertoyor theworsttoy.For yearsspecialistshavebeenadvisingparentsto look for
"openended"toys.In otherwords,toysthatcanbeusedagainandagainin multipleways.
A setof blocksmaybecomea skyscrapertoday,a zootomorrow,anda spacestationthe
nextday.Comparedto a plasticcastlethatalwayslooks like a castle,the unstructured
natureof blocksallowschildrento shapeasmanynewsettingsas theirimaginationcan
invest.In shorttransformationis thebasictool a childmakesuseof whenplayingwith a
toy.Anyonewho haswatcheda childpick up a pencilandbuzzit throughtheair like a
planeis witnessinga truetransformation.Theabilitytomakeonethingstandfor another
isnosmallintellectualfeat.In makingsuchtransformationschildrenbeginto "play"with
symbols-anabilitythatwill eventuallybeneededto makesymbolslike c-a-tstandfor the
fourleggedfurrycreaturewe call cat.Very youngchildrenneedrealistictoysfor their
symbolicplay:for a toddlera toyphonemustlook like a realphone.The preschooler,on
theotherhand,canpickupaphoneoutof thinairandcarryonaconservation.
By now, toycompaniesaresharingor bearingthecostof creatingcartoonsand
moviesfeaturingtoysin theirproductlines.This hasopenedthedoorto a newkind of
TV-toyconnection.This connectionis consistedof televisionstations,film animators,and
toymakerswhich all determinewhat the childrenwill play with, settingaside the
mentionedtransformationtalent.
Childrendo not learnaboutfeelingsfromtoy's nameor label.They learnabout
theirownfeelingsandothersfromthepeoplein their livesandtheway theytreateach
other.A toymaycometo representcomfortandsecurity.In timesof needit will be a
nonjudgmentallistenera confidant,anda dependablefriend.A teddybearor monkeymay
31
betreatedas if he'snaughty,happy,silly, quiet,lovable,angry,shy,noisy,or whatever
elsethechild wantsor needsit to be at themoment.The pointis, thetoy doesn'thave
feelingsbutthechilddoes.
2.2Toys
Toys arenot only thehelpersof the familiesin emergencies.They are in fact the
gamestylesof children through which they developtheir learningcapabilities,
socializationrules,familytiesin shorteverythingthattheycanbuildupin theirgamesand
sobepreparedfor thecomingyears.
2.2.1ToysFor Infants (thefirst year)
A child,in his firstyearsof life, is extremelybright.Throughlackingin intrinsic
knowledge,heacquirestheconceptof spaceandlanguagein a fewmonths,fromwhenhe
is5monthsoldupto 12 (Mari, stileindustria,1995).
Researchershaveclaimedthatinfantsrespondto a stimulatingenvironment,and
toymakershavedutifully translatedthesefindingsinto an abundanceof productsto
danglefromcrib,carriage,changingboard,highchairandcarseat.
The notionof constantartificial stimulationis beingsold as a valuableway to
communicatewith and comfortbabies.As a result,any newbornsbegin life in an
atmospherethatcanonlybedescribedaswild.
It is nottoysto comfortor stimulateor of no value.Not at all. But thereareno
thingsmoreinteresting,stimulating,or importantduringa child'searlymonthsthana real
liveperson.Peoplearethemostversatileandfascinatingplaythingsin a baby'sworld.
Objectsarenot a substitutefor people,and a youngbabycan't interactwith objects
withouttheassistanceof people.
Infantsagainsthebeliefof notbeingabletosee,comeintoworldwitha full setof
sensoryequipment.Not only can theysee,theycan hear,smell, taste,and touch.It's
throughtheirsensethatbabieslearnaboutpeople,things,andthemselves.
Evenbeforebabiescanreachoutandtakeholdof things,theybeginto explorethe
worldwiththeireyesandears.Butuntiltheyareaboutthreemonthsold,infantscanfocus
theireyesonlywithina limitedrange.Objectsthatmoveslowlyandproducegentlesound
willcapturetheirattentionmorethana fixedobject.A musicalmobileonthecribrail will
attractmoreattentionthana staticpictureon thewall. Studiesindicatethatinfantsunder
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threemonthslooktotheright80%of thetime( Oppenheim1987,p.63). Infantsaremore
attractedto brightprimarycolors, objectswith sharpcontrastsand clear but simple
features.
Squeaktoys,rattles,teethersandsoftclothtoysall offer newsoundsandsights
thatwill attractthebaby'sattention.Toys thatarebrightlycoloredandhaveinteresting
soundandvisualeffectswill bemoreinterestingforbabythana solidcoloredobjectwith
nosound.Theseearlytoyswill eventuallybeplayedwith independently,examinedfrom
everyangle,tasted,passedfromonehandto theother,banged,twisted,andturned.But
suchattitudeswill eventuallyremovepartsthatmaybehazardous,asit is thefirstthingto
do,whenhavingthechance;to put intothemouth.Thereforetoyswith plasticeyesand
snoutsarepotentialchokingdangersto infants.Indeed,anyfrills or features uchasbells,
buttons,flowers,whiskers,ribbons,andyamwigsshouldbeconsideredwhatlawyerscall
an"attractivenuisance."Suchpartsaretheverythingsa babywill mouthandpossibility
chokeon.
Once babybeginssittingup, he hasa new view of the world and developsa
fascinationwith manipulatingobjects.He explorestoys from everyangle with eyes,
fingers,andmouth.Usingtwohandshewill bangtwotoystogetheror spenda longtime
passinga toyfromonehandto theother.Until about24months,a toddlerusuallyturnsa
spoonupsidedownwhenbringingit tohermouth(Fisher 1987,p.31)
Activitytoyswith doorsto open,buttonsto push,wheelsthatspin,andknobsto
turnofferbabiestheopportunitytopracticefinemotoractivitieswithpayoffstheycansee
andhear.
Outof thecribandseatedonablanketonthefloor,babiesenjoyslightlydifferent
typesof toys.In fact,multipletoysaregenerallyof moreinteresthanactivityboardsat
thisstage.Most of theornamentedtoysaremoredecorativethanentertaining.With a
youngbabytheyarejusta excessbaggageandfortheolderbabytheyareboring.
As babiesthemselvesbecomemoremobileandbegincrawling,toysthatmove
holdnewinterest.A smallbutsimpletoycarwithsturdywheelsis fun to pushbackand
forth.Balls at this stageof life, seemsto be bestmatchthata babycan havefor the
entertainment.
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2.2.2ToysFor YoungToddlers(The secondYear)
The secondyearis thestateof standingupfor mostof thetoddlers.With his new
foundmobilityanythingthatis withinreachis worthyinvestigation.Toysarebynomeans
themostinterestingobjectsto be explored,althoughin a sense,theymaybea saferand
morereasonablesubstitutefor themultitudeof realthingshe'd loveto grab,turn,twist,
bang,carry,throw,taste,andtest.
As he makesthe transitionfrom wobblyfirst stepsto sure-footedwalking,and
ultimatelyto running,thetoddleris a studyin motion.Few toyscan competewith this
challengeof mobility.A child at thisageis veryfondof investigatinghis surroundings.
Observationand inspectionof how thingswork is of particularinterestto the child
betweentwoandthree(Boehm 1986,pI)
Few toys or activitieswill hold your toddler's interestfor long. Variety is
important.Actionis thenameof thegame,andtoysthatmatchthetoddler'snewmobility
arethemostappropriate.For instanceawagonmaybea goodchoicebothfor thisageasa
helperforwalkingandfor thecomingyearsasa carriage.Doll carriage,wagons,andlight
weightpushtoysarenotsuitable,asthelesssure-footedbeginnerneedsatoywithmassto
keephimsteady.Toddlersdoenjoyfeatureslike storagecompartmentssotheycancarry
alongsmall toys;and theylove ride-onwith soundeffectslike horns,or ratchetson
wheels.
Bothboysandgirlsenjoytoycars,trucks,andplanesthattheycanroll alongthe
floor.As toddlersbecomemoresure-footed,push-alongtoyswitha stiff rodmaketaking
a walk into a game.But becauselooking back over the shoulderis difficult for
inexperiencedwalkers,pull toysarefor theslightlyoldertoddlerwhoreallyhasherland
legs,Thereforeinsteadof pulling,pushtoysarebetter.Again motionandsoundeffects
havegreatappeal.Althoughsomeof themostusefulpull toysarewoodenworksof art,
theyarealsoterriblycostlyfor theshorttermuse.
Forsafety'ssaketherehasto benobeadhandlesthatcanbemouthedandnomore
thana25-30cm cordforpulling.
On theotherhand,balls arestill themostpopulartoysthechild canplay with.
Alsothiskind of a toy introducesthe child to give and take. Indeedit is the first
cooperativegamechildrenlearn.But notall thetoysareof thesamevaluesuchasPing-
Pongballswhicharesmallenoughto bemouthedor ballsthatcanbouncehigherthana
controllableh ight.
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Becausetherearefewtoysmorefascinatingto activetoddlersthansteps,families
who live in split-levelor two storyhousesreallyneedto protectyoungtoddlersfrom
dangerousfalls. Someexpertsadvocateno gatesbutrathersuggestparentsteachbabies
earlyhow to climb up anddown.Takinginto considerationsucha will of a child, it is
wisertodesigna climbingtoolwhichwill neitherrequireatoohardeffortnorsupervision
dueto low height.This kind of indoorclimbingtoysaregoodfor toddlerswho areover
eighteenmonths
Bothboysandgirlsenjoya doll to lugandhugevenif theydon'thavea carriage.
Soft uncomplicateddolls are easiestto hold and play with. Most toddlersbecome
especiallyfond of one particulardoll or animal,and that this attachmentfrequently
continuesfor a longtime.So it is a goodideato designa doll or stuffedanimalthatis
durableandeasyto clean.But it is still requiredto payattentionto thesafetystandards
mentionedaboveas becausemanytoddlersarestill aptto chewbuttoneyes,bells and
others.They may fall asleepon top of a doll or roll over on it. Dolls with zippers,
whiskers,orwireundertheplush-arestill potentialhazards.
For infants,simplyholding,twisting,or tastinga toyoffersenoughmanipulative
playvalue,buttoddlersliketheirmanipulationsto leadto somekindof outcome.In other
words,a toyshouldnotjust haveanactionbutreactionstoo.At thisagethetoddlerhas
considerablymoreeyehandcoordinationthanhedida fewshortmonthsbefore.It is easy
forthechildto pullpopbeadsapartbutstill difficultto putthemtogether.Most toyswith
interlockingpieceswill bebetterfor laterin theyear.A setof nestingcupsor ring-and-
postoyscanbeusedasmultipleobjectstoroll, chew,bang,toss,orcarryabout
For themostpart,youngtoddlersaremoreinterestedin motionandbig muscle
actionthanin prolongedplayperiodswith toysthatdemandfinemotorcontrol.Theylike
bothsmallandoversizedobjectsto carryaboutwith them.Clutchingtwo smalldolls-one
of eachhand-seemsto give someyoungwalkersanotherway of "holdingon". Soft
clutchablesaresaferbetterthanhardobjectsthatmighthurtthemwhentheytrip.
By themiddleof theirsecondyear, toddlersdoenjoyfittingobjects-thehideand
seekaspectof puttingtoysintocontainersandemptyingthem.A shapesorterconsistedof
threeshapesoffersenoughchallengefor a starter.Blocksaremostlybig and,aremadeof
softmaterialwhichmeanstheydon'thaveanyvisualbalance.Building up with blocks
mayalsobeveryinterestingsincechildrenareeagerto seethingsbeingscatteredwhen
theykick.It givesthemthesatisfactionof havingthestrengthto movethingsawaywith
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theirpower.Lugginglargeobjectsfrom one placeto anotheris an appealingmotor
activity
Water,by itsverynature,is fascinatingtosplash,pour,sprinkle,andtaste.Withan
assortmentof toys,toddlerscanmakea duckswim,propela boat,or bathea doll.Water
withitsintrinsiccapabilitiesis enoughfascinatingtoprovidehoursof entertainmentandis
proneto be usedof with accessoriesasa stationarytoy becausewaterrelatedplaysets
encouragebathtimefantasyplay(Fisher 1987,p.85).
The manufacturersof educationaltoysoftenpraisethe importanceof particular
toysfor languagedevelopment,it is not thetoysbuthow theyareusedthatenhancesa
child'slearning.A toddlerwith a roomfulof toysbutno oneto talk with will not learn
morethana childwith relativelyfew toyswho is surroundedby peoplewhointeractalk,
read,and,respondtohim.
From their earliestdaysinfantsenjoythe rhythm,motionand soundof music.
Toddlerswhohavebeensungtowill besingingalonetowardtheendof theirsecondyear.
A childThereforewill alwaysbeattractedbythesoundof musicthatis playedin thetoy.
Toysasmentionedearlierarethelife of achildandeverychildis fondof arich life which
meansto haveall of the sensessatisfied.The satisfactionis verymuchrelatedwith a
completeachievementof tastewith five senses.Thereforewithmusiconeof thesefive
sensesi satisfiedandhavingit supportedwithothers,thebesttoyis designed.
Duringthe latterhalf of thesecondyear,childrenbegintheirearliestgamesof
pretend.At thisstagemakingbelieveis moreimitativethaninventive.Toddlersbeginby
doingwhattheyseeadultsdoing.Thechildwill enjoyatoytelephonealmostasmuchasa
realoneorwill wishto sit onthedriver'sseatof thecarandpretendasdriving,girlswill
beveryfondof theirmother'shighheelsormakeupaccessories.
Sometoddlersmaybeinterestedin drawingwithcrayons.This artexplorationmay
ofcourseeffectotherchildren.But thechildrenwho arestill eagerto chewplaythings
shouldbe paid more attention.So the non-poisonouspencils, crayons,watercolors,
markersmightbe a good sampleof designareafor suchconsumers.Also in orderto
preventthemfromrollingawayit is bettertodesigna corneredorchamferedpens.
At eighteenmonths,childrenenjoypounding,pinching,andpoking at doughor
homemadevariation.They will be much less interestedin makingsomethingthan
exploringthewaythisplasticmaterialrespondsin theirhands.
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As toddlersapproachtheir secondbirthday,their repertoireof play is growing
rapidly.Theynolongerwaitfor someoneto initiatea gameor offera plaything.Withboth
languageand locomotionthey are able to engagethemselvesand others in play.
Increasinglytheyhavepreferencesanda styleof playingthatreflectstheirindividuality.
2.2.3ToysFor Older Toddlers( Two To ThreeYears)
Walkingis now anold talent.Now theycanrun,jump, climb andslide.Though
moresure-footedthanbefore,theyarestill notverywell balanced.The child doesnot
alwayslook beforemakinga mad dashand endsup trippingon the toy it has just
discarded.As he climbsto thetop of theslide,he makesit clearhe wantsno help or
interference;afewminuteslaterheneedshelpgettingdown( Oppenheim1987,p.lll )
This tugof warbetweenthedesirefor independenceandthecontinuingneedfor
dependenceis whatmakeschildrenof thisagea trouble.In facttheyaremoretestythan
beingatrouble.WhattheyaretestingaretheiroWnlimitationsandparents.Theyneither
wantnorcantheyhandlethetotalindependencetheykeepasserting.
At play,heprovidesinanimateobjectswith lively soundeffects.He doesnotyet
fully understandthatan electronicteddybearthat talks and movesis not alive. He
believesthatobjects,especiallythosethatcanmove,canalsosee,feel,andthinkjust as
hedoes.In fact,he believeseverybodythinks,feels,andseeswhathe does.Being the
centerof theuniverse,hecannotimagineanyotherpointof viewbuthisown.He still has
somuchto learnaboutwhatis realandnotreal,whatis possibleandimpossible,whatis
rightandwhatis wrong.
By twoandahalf,toddlersbeginto usefamiliartoysin originalways.Sheputsthe
doughnutfromherring-and-posttoyon herwristandcalls it a bracelet.Sheeatscookie
andoffersa biteto herteddy.Theyarestill veryliteral,andmoreimaginativeflightsof
fancyareyetto come.Evenso,theabilityto useonethingto standfor anothermarksthe
beginningof symbolicplay; it is anothersignalof a new and moreadvancedlevel of
intellectualdevelopment.
This is anageof transitionwhentheskillsthatbeganto emergeearlierarerefined
andexpanded.Thoughfew toyswill hold their interestfor prolongedperiods,theyare
readyfornewkindsof playthingsto matchtheirgrowingphysicalintellectual,andsocial
skills.
37
Through their active play, children developa senseof their own physical
competence.Theyarekeenlyinterestedin testingtheircapacitiesfor climbing,running,
andwalkingunder,overandthrougha varietyof spaces.This activekindof playnotonly
helpsthemdeveloptheir grossmotorcoordination,it strengthenstheir new senseof
selfhoodandprovesagoodoutletfortheirseeminglyendlessenergy.
A low climbingdevicewitha few stepsupto a platformto standon anda small
slidedownis a goodchoicefor indoorsor out. Also, mostof theride-ontoyssuggested
for theyoungertoddlerwill still be appropriate,asthechildrenof thisageareeagerto
carrythingson theirtoyvehicles.Whendesigningsucha toy, a designerhasto bevery
carefulwith thewheels.Wheelshaveto be insetso thattheyarenot in theway of the
child'sfootaction.
Indoorsandouttherearefew playmaterialsbetterlovedby twosthansandand
water.Rich withsensoryexperiences,bothchange,moveandrespondto thetouch.Such
handson experimentsprovidethe meaningfulunderpinningfor expressivelanguage.
Abstractwords like wet, rough, drippy, smooth,and soft becomemeaningfulwhen
coupledwith real experience.With the additionof tools,bothsandand watercan be
poured,patted,pounded,poked,and otherwiseenjoyed.Plastic toys may be the best
convenientfor such sandandwatergames.
Young childrenbegintheirgamesof make-believeby playingout familiarroles
andevents.Sincehomeandthefamilyaretheworldtheyknowbest,this is the logical
placeforpretendingtobegin.
Sinceimitationis whattheylike thebest,housekeepingequipmentanddolls are
enjoyedby bothboysandgirlsat thisage.Most of thedishesandpotsin toylandsthese
daysareundersized,unattractive,andmadeof flimsy plasticthatsnapseasily.So this
sectionmaybeappropriatefora designwithbetterplasticcharacteristicsandform.While
arealvacuumcleanermaybe toonoisyfor twosa child sizeversionmayhelpdiminish
suchfears.In playingoutroleschildrenareoftenabletogainsenseof controloverobjects
andsituationsthatproduceanxiety.
A goodmanyof theeverydaythingschildrenusein thecourseof a daychallenge
theireye-handcoordination.Dressingandundressingthemselvesandtheirdolls,opening
andclosingboxes,doors,andfaucetsall requiredifferentkindsof fine motorrunning.In
manyrespectseverydaytasksare more interestingthantoys specificallydesignedfor
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repetitiveskill building.The plasticconstructionsetsthatsnap,screw,link, or simply
sticktoeachotherall inviteyoungbuilderstousetheirhandsandeyesworktogether.
Forminga group,when playing is not very commonat this age, one-on-one
socializingusuallyworks best.In otherwords,with twos,a duo is moreapt to play
togetherhappilythana trio or a quartet.Takingsucha criteriainto consideration,it is
moreconvenientnottodesigntoysthatneedsmorechildrenthantwotoplaywith.
It is alwayswiserto designtoysthatwill not do theplayingon their own. It is
betterif thechild cancommunicateandrealizewhathecando with it. So thata family
mayexpectheirchildtomakeupstoriesandpasshistimein thisworldof dreams.
2.2.4ToysFor Preschoolers(ThreeTo FiveYears)
For preschoolers,playis notmerelyfun.It's throughtheirplaythatyoungchildren
continueto learnaboutthings,people,andmostespecially,aboutthemselves.At thisage
thereareseveraldevelopmentchangesin thenatureof play.
The preschoolersdo notjust imitatethe adultsin their lives.They also invent
gamesof make-believethatarecomplexanddramatic,embellishednotjust with action,
butwithastorylineaswell. Indeed,throughdramaticplaythechildcantransformhimself
intoa growlingtiger,a daringsuperheroor a helplesskitten.Theseflightsof fancyoffer
childrena way of dealingwith feelingsand fears.They are an outletfor tension,for
fulfillingimpossiblewishes,andforrehearsingabroadrangeof emotions.
Althoughthepreschoolersareegocentricandfind it difficult to seethingsfrom
anotherperson'spointof view,throughplay theybeginbeingmoresocialized.So they
learnthatthereis a "yours"as well as "mine" and a "we" as well as "me". So play
becomesavehiclefor socialgrowth.
In thecompanyof otherchildrenthepreschoolergraduallylearnsaboutsharing
andtakingturns.In fact,thedesiretoplaywithagematescomesto outweightheneedto
haveeverythinghis own way and helpshim acceptthe necessityof givingas well as
taking.
If youleavea fouryearold to pick upherLegos,shemaystartbuildinga newor
becometotallyimmersedin sortingthepiecesby sizeor color.By fiveshewill beableto
sortandmatchusingmorethanoneattribute.Preschoolersarenotjust moreimaginative,
theyaremoreinventiveandplayful.They playwith objects,ideas,andwords-anything
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thatcomestheirway.This is theagewhenimaginaryplaymatesappear,or a teddybear
takesontheroleof scapegoat.
Unlike toddlers,who tendto go from oneactivityto thenext,preschoolershave
morestayingpower.Theyareabletoplanahead,tocombineideas,andthinkof newways
of usingfamiliarobjects.Oncetheystartplayingwith a toy andfeel thatoneobjectis
missingin theplay,theytryto getit withouthavingtheirattentiondivertedby whatever
mayattract.In shortthereis anewkindof seriousnessandpurposefulnesstohisplay.
Althoughmanyof theso-called"educationalpreschooltoys"putheavyemphasis
on school relatedskills, the youngchild's learningstylecan not be limited to such
compartmentalizedlessonsBecausehalf anhourin thesandbox is no lesseducational
thanmovinga setof magneticlettersandnumeralsaroundontherefrigeratordoor.Nor is
fittinga complexpuzzletogethermoreimportanthanridinga trike,playinghouse,or
buildinga towerof blocks.
2.2.4.1Violence
We know thatchildren'sbehavioris moreaggressiveafterviewingshowswith
violenthemes.Althoughresearcherscanonlyspeculateon thelongtermeffects,thereis
noquestionabouthereandnow; showsandtoysthatfeatureviolenceleadto gamesof
violence.
Althoughnoresearch asshownthatviolentplayin thechildhoodleadstoa life of
crimeorcriminaltendencies,children'simmediatereactionsto violentprogrammingcan
notbeignored.
One of the most detailedstudiesof preschoolersindicatedthat childrenwho
viewedviolentcartoonsplayedmoreviolentlythanchildrenwho watchedRogerRabbit
orCaptainKangaroo.In morethantwodozenotherstudies,researchersfoundthatcartoon
violenceincreasedin childrenbehavioras hitting,kicking,choking,throwing,pushing,
holding,otherchildrendown,hurtinganimals,andselfishness( Oppenheim,1987,P.160)
The problemis thateverychild admiresthecharactersin theTV seriesandwhat
evertheydo is verymuchapprovedby thefamily.Thereforethechilddoesnothesitateto
dothethingsthatthecharactersdo,as it makespeoplelaughandadmire. The children
wantstobeas powerfulas theheroesare.But themainpointis thattheybelieveevery
thingis realandtheywon'thurtanybodyif theypretendto playthegamelike theheroes
theywatchedonTV.
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Consideringtheresearch, it is hardnot to concludethatthe logicalanswerfor
parentsis to banbothTV programsandtoys.Yet thatmaybetheleasteffectivewayof
helpingchildrenhandlethe issuesof violence,aggression,and consumerism.Indeed,
banninghasa wayof makingthingsevenmoredesirable.Whendealingwithchildren,it is
importantouseabsoluteprohibitionsonlyona limitedbasis.Evenif a parentdecidesnot
to givehis child a toy gun,this cannotpreventhis child from pointinghis fingersand
pretendthattheyarethebarrelof agun.
The bestthingto do is to establishfirm limitson theamountof TV watchedand
numberof TV toysbought,talk aboutwhatis happeningon screen,providealternative
formsof entertainment,or limiting own viewinghabits.The mainpoint is to prevent
childrenfromlongcontinuosTV watching.So thechildmay realizewhatis on TV and
whatis in thereallife withouthavingmixedthementionedtwo.
2.2.4.2Kinds of Toys
As it is explainedthechildrenatthisageareeagerto imitatethegrownuppeople.
Thereforethetoysthattheywantto playwith aretherepresentationsof the real life. A
doctor'sset,adashboardwithsteeringwheel,avacuumcleaner,aworkmankit withmany
tools,cookingandfeedingsetsandmanyothersaresomeof thesourcesof entertainment
Preschoolersarefond of babydolls thatdrink andwet,haveeyesthatopenand
close,hair to brush,andclothesto change.Boys areno exceptionsfor suchtendencies.
Butboysaremostlyfondof powerfulonesotherthanoneslikeBarbie.
Increasingly,toymakersarealsoacknowledgingthatwelive in amulti-ethicworld
andthatchildrenenjoydolls thatreflectthemselves.Thereforedolls of differentcolor,
differentnationarenow betteracceptedby thechildrenwhich makestheir reflections
easier.As doll play becomesmoreelaborate,so doestheneedfor doll accessories.A
carriageor stroller,abedorcradle,andahighchairareall usefuladditions.
Plush animalsare also favoritechildhoodcompanions.Teddybears,monkeys,
kittens,andothercreaturescomesin all shapesandsizes.Thesetoysareprivyto secrets
andsubjecto severescoldingandhugsandkisses.This veryspecialtoymayneedto be
patchedupandaccepted,nomatterhowrattyit becomes( Oppenheim1987,p.171)
Althoughparentsmay wish to extendthe play possibilitiesfor their sonsand
daughters,preschoolersarealreadyoftenverymuchcuedintosortingtheworldby gender.
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In doingso,thepreschoolermayhavemoreconservativeviewsthanparentswouldwish
of whatboysandgirlsshouldwear,playwithanddo.
On theotherhand,manychildrenenjoydressingup in clothesof theopposite
genderandtryingon bothmaleand femaleroles.Throughpretendplay, childrencan
safelytransformthemselveswithoutrisk,sincetheyknowit'sjusta game.
Throughpuppetschildrencansaythingstheywouldneversayin reality.Theycan
askquestions,giveanswers,andclarifytheirfeelings.The reasonis thatchildrenmostly
donotfeelfreetotalkaboutsubjectsthattheymaybescoldedfor.Thiswaytheyaremore
comfortableas theyhavesomethingreadyto put theblameon. Unlike role playingin
whichtheytransformthemselves,in puppetplaythechild is oncemoreremoved.Rather
thanusinghisown body,thechildprojectshis feelings,ideas,andstoryon to thepuppet
throughactionandwords.The child atthisagelikesto replayfamiliarstoriesor to play
outstoriesfromtheirinnerlives.Henceit is still thebestchoiceto designtoysfromthe
reallife otherthanTV heroes.Suchdesignsarebetterappreciatedby boththe families
andthechildrenthemselves.
Preschoolershavefascinationwith wheeledtoystheycanusefor dramaticplay,
indoorsandout.Realistictruckswithdetailsandmovingpartsaremostinterestingfor the
sandboxor tousealongwithblocks( Oppenheim1987,p.172).Thesearemostlymadeof
plastics
The plasticor woodenbuildingblocksarepreschooler'sraw materialfor more
imaginativeplay.Whendesigningblocks, thedesignerhasto be carefulwith supplying
sufficientquantityandvarietyof shapes.Anothervital point is that,thechild hasto be
ableto dreamhis own styleof buildingotherthenthedrawnpictureon thecoverof the
toybox.In otherwordsunlikea toygarageor farmthatcomeswith a presetstructure,
blocksmustbeableto"become"whateverthechildwishes.Thevarietyof thethemesand
sceneschildrenconstructhasto comefrom thechild's imaginationratherthanthe toy
maker's.As with sand,clay,paint,andotherunstructuredmaterials,blocksputthechild
in centerof the play.They invitethe child into to investhimself in creatinghis own
symbols-hisown bridge,tower,airport,or playground.This ability to makeone thing
standfor anothertakesthe child a stepcloserto dealingwith more abstractsymbol
systemslike wordsandnumbers.The role of thedesigneris to designtoysthatmaybe
easilyderivedoutof themodulein manydirections.
42
Whetherchildrenareplayingaloneor with others,block play is rich with many
layersof activelearningexperiences.In playingwith others,thereis a needfor social
dialogueandfor cooperativeplanning.Blockshavea wayof stimulatingbothdoingand
thinking,while lettingthechildexperiencethetriangles,squares,rectanglesandothersin
onestructurewhich is to exist.They beginto graspmeaningfulconceptsthatare the
foundationsof mathematics.Thatis whyblocksarereallyeffectivein childrenplays.The
designsof theseblockshaveso far,manyadvancedtypologiesthatoffer thechildmany
variationsof play.Mostof thestandardblockscomein multiplesizesandhavea logicthat
childrendiscoverandusewithamazingeaseandskill. The comingstepin suchdesigns
shouldbetodesigna systemof blockswithouthavingthemscatteredaround,whentrying
to build up an object.If theyare linkedto eachotherin someway and still form the
desiredobjectsthisdesignmightsavetheparentscollectingthepartsof theLegotypetoys
whenscatteredor preventingthechild loosesomeimportantpartsof his toy duringor
aftertheplay.Sucha designis alsoimportant,for childrenwhohavenotyetgotrid of the
habitof puttingthingsin mouth.
Studieswithpreschoolershowthatchildrenarebetterproblemsolversafterthey
havetimeto explorematerialsthanif someonedemonstrateswhatto doandhowto do it.
Ontheotherhandto meetdivergentneedsa toyshouldnotexactlymatchedto anagebut
ratherto an individualchild ( Boehm1986,p.81).Thereforethestudiesmostlyindicate
theprobabilitiesof playmanners
2.2.4.3Toys for Active Play
Running,jumping,climbing,swinging,chasinga ball, orwalkinga balancebeam-
whatwhirlwindsof activitypreschoolers.Even if theyarewatchingTV or listeningto a
story,thepreschoolerarelysitsstill voluntarilyfor long. It is throughtheirbodiesthat
childrenfirst gainan innersenseof themselvesas ableand competentdoers.But the
enthusiasmaynotlastaslongastheplay.Thereforethechildrenstill needsthesupport
ofagrownupfamilymember.Theymayclimbupthemonkeybarsandjust at thetopof
thebarshemayaskfor yourhelpto getdown.The onlypointis to showtheparentshow
powerfulheis.Anytoydesignrelatedwithsuchanideamaybeappropriateforchildrenat
thisage.Childrenarenotonlyeagerto showtheirstrengthbutalsohowfasttheycanrun,
drivebicycleand etc. When designinga pedal toys which will give the childrena
dangerousmobility,theheightof thebicycleor three-wheelers,thebodymaterial,the
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weight,therelianceof thebrakesandtheeaseof usearesomeof thecriticalpointsthe
designerhasto be verycarefulwith. If thedesignerdesignsa three-wheelerlow to the
groundso thattheyareharderfor carsto spot,or too heavybicycleto carryout of the
elevators
Foursandfivesalsoenjoyhighlyrealisticanddetailedtoycars,fire engines,and
tractorswith horns,steeringwheelsand plentyof potentialfor dramaticplay. A toy
designedforpreschoolerchildrenmustmeetrigorousstandards:it's sizemustbetestedto
ensurethatit is too largeto be swallowedby a threeyearold andit's materialmustbe
strongenoughto withstanda simulatedbite( Wiencek1987,p.78).The childrenof this
agehavea solidlydevelopedsenseof theirown bodies.Whenthechildrenareeagerto
find about therealitiesof life, theydo not hesitateto takethe risks. Any toy thatis
designedfor theseagesmustbeableto standfor hardinvestigationsto proveit self in the
toyindustry.
Physicalplayis mostlyheldoutsidethehouse.Underthesupervisionof a parent
thechild is now on slides,swings,seesaws.But for parentswho arewilling to restrain
theirchildrenfromthesteeltoysof theplayground,thetoyindustryis veryhelpful. The
toyslidesmusthavesiderailsandall equipmentshouldbecheckedfor roughedgesand
protrudingnutsandboltsthatcouldcutor catchsmallfingers.The swingshasto beable
tocarrytheloadeasilywith a securityconstantof atleast3.Becauseevenif thechildren
arepre-toldnotto useit withothersatthesametime,theymayforgetthereasonsof such
aprohibitionwiththeenthusiasmof thegame.
Active preschoolersalsoneedsomesit-downtoysfor a changeof pace.Puzzles,
boardgames,manipulative,books,tapes,andtalkingtoysareall kindsthatchildrenplay
withwhentheyaretiredof physicalplays.Also childrenaresurprisinglyeagerto learn
aboutcomplicatedmechanicalprincipleswhentheycanbuild exampleswith theirown
hands(Wiencek 1987,p.90).
Computersare themachinesof theirage.Thereforetheyare almostbecoming
acquaintedwith themwhentheyarefour or five. The childrenlikesplayingvideogames
becauseyet,thatis all theycandowithcomputersandchildrenareverywell awareof the
varietyof gamestheycan experience.Anotherthing thatchildrenare fond of is the
computer'sneverendingenergyof beinga playmate.They know thatwheneverthey
wishtheycanplaytogetherunlessthereis anykind of energyshortage.If a parenthasa
computerin thehouse,thereis nodoubtthatthatthepreschoolerwill try to gethishands
44
on. Young childrenlove to pushbuttonsand makethingshappen,and any piece of
equipmentparentsuseis boundtohavespecialappeal.
2.2.5Toys for Six andSevens
A schoolagechildstill learnsbestfromactivedoing.But moreoftenthetoysthat
aresold focusesonthedrill andpracticeof mathandreadingmaterials.Ontheotherhand
makingthetopreadingorhavingthebeastscoresin thelessonsmaybeof greatvalueand
pleasetheparents,it is ofthe sameimportancetomakeit tothetopof thejunglegym.
The childrenof thisagearetoo muchinfluencedby eachother.Thereforeif the
actionin theschoolyardorbackyardcentersonrollerskates,thenskatingwill takeonan
importancethatneedssupporting.Thesamemaybetrueof ridingatwowheeler,jumping
rope,orplayingfootball.
Unfortunatelymanyschoolagechildrenhavelittleopportunityforactiveplay.Best
toysfor thisagegroupmaybetheonesthatfocuSon sucha gapin children'slife when
suchactivitiesareof greatvalue.On theotherhandtherearesomeclassicaltoysthatare
alwaysvaluablein child'slife. Amongthesewecancountbikeswhichappearto bemore
thanatoybyhavingscaledmodelsbeingusedbytheparents.
Bikesofferchildrenthemobilitywhichunderanyothercircumstancesnoothertoy
canoffer.But withsuchanofferthechildrenareenteringa dangerousworldthattheyare
not familiar with. Thereforewhen designinga bike thereare somespotsto be paid
attentionto inthefirstplace.Of coursethesecurityis themaincriterion,butin thedesign,
thecostand durabilityare also,otherpointsof carefulconsumption.For safety,bikes
shouldhavereflectorstripesonthebodyandfenders.At thisagechildrenwon'tberiding
atnightbuteveningcansetin earlyor theweathermaybecloudyenoughto darkenthe
sky.Bikeshaveto beof enoughheightin orderto obtainsecuritywhenridingontheroad
bothfor thechild andfor thedrivers.Anotherpointis themechanicalpartsthatmaybe
ruinedeasilydueto usagein time.A gooddesignhasto offerenoughlife spanfor every
designedobjectbothonbehalfof theconsumerandontheproducer.
Althoughhighlyrealisticmotordrivenvehicleshavegreatappealto children,as
well as to tolerantparents.The fact of the matteris that they have more value as
accessoriesto pretendplaythanas aidsto physicaldevelopment.Thereforethepretend
playhasmoretooffertochildrenas childrencreatesa worldof theirownwhenplaying.
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Thatmakesthechildrento thinkof manydetailsthatcomesaliveduringtheplayandso
helpsthemtodeveloptheirthinkingability.
On theotherhandchildrenof this agehasto bepreparedfor thecomingschool
years.The child will beamongmanyothersanda placeof challengewill be build in a
veryshorttime.Thereforesocializationis veryimportantin theseyearsforpreschooler.
The motordrivenvehiclesarenoteasyfor everyparentto buy.For thatreason
childrenwhenplayingwith suchtoysarenotofferingthemediumof socializationunless
theyarereadyto sharetheirbelongingswith others.But skatesarenotso highlypriced.
Themediumis createdon it's own whenchildrendo theskiingatthesameplaceandat
thesametime.Theseareoftenmorebasicequipmentfor socializingwithagemates.
Althoughschoolagechildrenloveto beamongotherchildren,theyalsoneedtime
for beingon theirown,andplaytheirown games.Dolls, stuffedanimals,artmaterials,
andotherentertainmentsourcesareall enoughtimetakingfor any child to takethem
beyondthebordersof thehouse.Of coursebikesandjump ropesarethemaintoysfor
soloplay.For thechildren,a soloplaymightbea comingreprieveaftera longdayin the
school.
By this,childrenlearnto enjoytheirown companyin contrasto theirschoollife
wheretheyhaveto be social,duringtheday.Solo playprovideschildrento gathertheir
thoughtsandfeelingsandsohelpthemadvancetheirtalentof judgment.Whenplayingon
theirown,childrenpreparesthemselvesfor socialization.Theycreatetheir imagesfor
playandlife so learnaboutthecomingrelations.Pretendingis still anactiveformof play
forschoolagechildren.Somepreferplayinggameswithusingactionfigures,vehicles,and
blockstocreatetheirowntheaterswithwhichtheyuseasa mediumof transformationand
createbetterstories.Any toythathelpsthemcreatea storyandsoprovidesthema playis
anicestorycreationsource.Like a magician,tryingtomakemagicheneedsa specialtool
for makinghim powerful,childrenneedstoys for makingthemselvesbelievein such
dramas.So thattheirstoriesbecomemorerealisticandworthplaying.
Six andsevenyearsold childrenenjoymakingupmorecomplexstorieslike war
stories,spacestories,or storiesthattheyhavewatchedon TV nightbefore,by adding
partsthatwill makethemthesuperhero.A stickmaybecometheswordof magicora tool
whichevendoesn'thavewingsmaybecomethefastestplaneof theworld.But of course
theseareall of the materialsthatTV provides.That is whatmakesthetoy companies
designtoysthatareverymuchrelatedwithTV. Butof courseit is designer'sdutyto think
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of theprobabilityof takingtheabilityof creatingstoriesfromthehandof the children
whenprovidingthemapreparedone.
2.2.5.1TV andPlaying
Childrenof thepastandthegrownuppeopleof thefuturemightall verywell be
informedabouttheirlivesof thepastindividually.But thechildrenof todayseemstohave
somethingin commonto build up memoriesof gamesandtoysas theyhaveall been
influencedwith onethingthemost,TV. Thereforesettingasidetheideaof diminishing
thechildren'spowerof storycreation,TV seemsto play an activeroll on the way of
providingthema commonsourceof playwhichmakesthemmoresocial.In thissense,a
child playingoutside,with otherchildrendoesnot hesitateto startmakingup a story,
relatedwithyesterdaynight'scartoonshow,whichheis verysurethatheandothershave
watched.Sothisprovidesthemanothermediumof socialization.
On theotherhandcomparingtheplayof thepreviousgenerationsandtheplayof
childrentoday,onemustadmitthattheplaysandtoysof childrentodaycontainsmore
scienceandis likelytootTermoreprivilegedchildlife duetothesource.
For mostchildren,theinterestin TV relatedtoysis generallyshortlived.This is
truebecausemostof thestorieswatchedon TV haveto be replacedin timeby thenew
ones.And the childrenwho were not totallysatisfiedwith the previousstorydo not
hesitateto shift to thecharacterof this newstoryin his plays.Whenplaying,thechild
absolutelyneedstocreatea storybymakinguseof thetoysavailable.
Both boysandgirls still enjoypressingtheirplushdolls againsttheirchestsand
playtogetherwith themas theyare alwaysavailable.Thesetoys continueto supply
comfortaschildrenwhentheyareleftontheirownstillneedsa friend.
By theearlyschoolyears,thedistinctionbetweenboysandgirlsis clearlydefined.
Thechoiceof toysaremademoresharplyandeverydetailin thegamereflectsthelife of
onesex,thesexof theplayers.This asif becomingamemberof thesamesexgrouphelps
themnotgetin contactwith theothersexwhich is thoughto besourceof shame.They
believein belongingto a groupwithwhichtheycanentertainthemselvesandfeelmore
powerful.Dueto theirgamehabitsthechildrenchosetheirtoysaccordingto the ideaof
"whomayuseit ?" otherthan"do I like it ?". This reasonmadethetoyproducersto put
bothboyandgirl pictureson thetoybox.So thattheythoughtto convincethemthatthe
productis notforonlygirlsorboys.( Wiencek1987,p.60)
47
In thepretendplayto serveasa mediumthepuppetsofferopportunitiesto actin a
waythattheycangivevoiceto theirfeelingsthataresometimeshardto expressdirectly.
They also sharpenthe storytelling ability and hand-braincorrelation.Because,when
playingwithpuppetsa childpaysattentionbothto themannersandto thewordsin order
tokeepthemrelatedwitheachother.Mostlytheyreplayapassageorashowtheywatched
onTV ora storytheyread,bytheuseof thepuppets.
2.2.5.2Art SuppliesandPuzzles
Both sexesof childrenare readyto expenencewatercolors,crayons,colored
pencilsandotherartmaterials.Mostoftenthechildrenarefondof drawingpictureswhich
meansnotmuchtoparentsbuta lottothemselves.
Duringtheearlyschoolyears,childrenenjoyshowingtheircreations.They take
pridein theirartandlikedoingthingsmostlyrelatedwithrelatives.
Crafts work is also entertainingfor preschoolchildren, sewinghandpuppets,
needlepoint,somesimplewoodworkand othersarechildren'splaysource.But themain
pointin designingsuchtoolsfor childrenis to beableto preventhepossiblehazardsof
thesetoolswithoutdisregardinganypart.A designerhasto alwaysdesignthetoolsas if
theyareto beusedby someonetotallyilliterate.Thereforea toydesignerhasto betwice
carefulwiththetoyhedesignsasthechildrenneedssupervisionmostof thetimes.
Schoolagechildren arefondof solvingproblemswith whichtheybelieveto be
evaluated.Thereforeeverychildren is eagerto show his talentsand so be able to
appreciatethebestregardsof parents.Beginnersmaywelcomesomeassistanceatthevery
startbuttheysurelywishtobe leftontheirown.Thesechildrenlike to copewithothersin
provinghow hemanagesthetoy.Especiallysomecomputergamesandpocketgamesare
ofthiskind.Thesegamesoffertherequiredsocialization.On theotherhandtoysthatare
basedon suchcriteriaarefundamentalsof schoollife wherethechildrenwill be among
others.
Multi-sided cube puzzleswith picturesand others provide different kind of
problemthata childhasto solve.Becausethetimeneededin sucha gameis relatedwith
howfastyoucanwork it out,otherthanrequiringtimefor entertainingthechild.In other
wordsachildwhois eagerto solvea cubicpuzzletrieshisbestto solveit asfastashecan
andmeanwhilepostponesthejoy of theplayuntilhemanagesto finishthegame.But in
theothergamessuchaspocketgamesthechildenjoyshimselfwhile handlingthegame.
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Thesegamesstretchesthe time for play and so helpsthe childrenspendtheir time in
developingtheircapacityof problemsolving.
2.2.5.3ElectronicPlaythings
At this stagethe childrenmustbe able to matchthe readingand the drawing
printedonthepagesoasto beableto keepin mindthematchedattitudesof whatis said.
Thesekindof booksgivesthereadersgoodexperienceat scanningphrasesandusingthe
voiceexpressively.Computergamesoffer thechildrenthechanceto playwhile learning
aboutthemostadvancedtechnologyof theirtime.In ordertobeableto usesucha chance
theparentsmustbereadyfor anyquestionaboutthetechnologytheyhaveat home.The
understandingof playby now hasshiftedto a lessphysicalpowerneedandmorebrain
workwhichmaycauseunhealthybodystructuredueto longsit downplays.Thereforea
toymustprovidethechildrenbothentertainmentanddevelopmentin physicalstructure.
The varietyof gamesand adventuresbeingofferedby computergamesis far
beyondtheimaginationcapacityof children.Thereasonis thestructuralfiguresandtheir
talentsarethesourcesof variety.Childrenin eachplaymeetsanotherheroor storythathe
enjoysto be a partof But theparentsmustbe verycarefulin explainingtheirchildren
explicitlythattheseareonlygamesandthesuccessis noteasytoachievein everygame.
In lookingat thevarietyof toysandplaythingsfor childrenof this age,no TV
basedtoysareof toomuchvaluebuttheoneswithwhichtheycanmaketheirownstories
arebetterappreciated.Toysmustprovideenoughbrainexerciseandunderstandingof the
worldthattheyhavejust entered.Sucha criteriain thetoydesignhelpsthedesignerto
designtoysthatsatisfiesthechildrenonthebasesof entertainmentandsuccess.Therefore
toysmustoffer somechallengeandsocializationwhile payingattentionnot to createa
sourceof quarrel.
2.2.6ToysForMiddleYears(Eight toElevenYears)
These yearsarethelastyearsof childrenfor havingtoys.Their interestis mostly
shiftedto whatis beingadvisedor seenatschoolby theirschoolmatesandalsoteachers.
Theschooltoolstheyhaveto usearenow thenewchallengefor childrenof thisage.Of
coursetheystill enjoythetoysof theirages.By nowtheybecometobe influencedbythe
heroesnotasmuchastheirearlyyears.On theotherhandwhatinfluencesthemis nowthe
storiesthatis createdor somespecialphrasesthatareusedin thisstory.
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Sportsandgameswith rulesbecomevery importantfor thechildrenof this age
(Oppenheim1987,p.260). Beingamemberof a teamor anyspecialgroupis requirednot
onlybecausetheyneedtobeagroupbutalsobecausetheyneedto excludeothersandfeel
havingprivilege.
The childrenof thisperiodlike to collectthingssuchaspencils,stamps,chewing
gumcards,postcardsandetc.Thereasonof suchcollectionis to havethechanceof being
abletocomparetheirgatheringswithfriendsasapartof socialization.
Thetoysthatmightbeappreciatedascollecttoysdo notprovidechildrenenough
entertainmentastheentertainmentlies in theinteresthathasto becreatedspontaneously
bythechildren.But sucha toymightbea gooddesignif it offersthechildrenvarietyof
productsthatareeasilycollected.On theotherhandseashells,rocks,coins,andother
foundorobtainedobjectsmightall beinterestingforcollection.
Many childrencontinuecollectingmini cars and trucks.But the childrenalso
enjoysplaying with remotecontrol cars, trains~or racing cars. On the other hand
assemblingvehiclesarealsoentertainingandat the sametime satisfyingeventfor the
childrenatthisage.Theseassembliesofferthechildrenthetasteof buildinguptheirown
toyandwatchingit move.Whileassemblageof thesevehiclesthechildrenappreciatesthe
helpof a parentor do it all togetherfrom thebeginningwith which theylearn"work
togetherules".In buildinga complexmodelby followingtheinstructions,a child learns
tothinkmethodicallyandtotackledifficulttasksonestepatatime(Wiencek1987,p.81).
Theseyearsareimportantfor childrento learnabouttheirfriends,attitudes,likes
anddislikes,entertainmentreasonsand emergingtalentsby beingableto reasonmany
sourcestheyfaceduringtheirlives.Theylearnaboutthevalueof playandcooperationas
wellascompetition.In pretendplaytheystepoutsidetheirchildishworldandbecomethe
heroesof theworld whichcanbe interpretedasa therapytheygo throughwhenplaying.
Thereforeanytoydesignthatis believedtobelonglastingmustbeabletoprovideenough
socialization,therapy,andstrengththechildrenrequires.Thechildrendo notknowabout
whatis to comeandwhatkind of problemsmayariseduringtheir lives.Thereforethe
parentsmustalwayskeepin mindthatalthoughtheirchildrenmayseemnotto haveany
problems,in their own little world ,like everyhumantheyhavetheir own problems,
stressesandreasonsof unhappinesstheyhaveto livewith.
For manyadultsplayandtoysarenotsomethingto betakenseriously.And sothey
maythinkthatanykindof toywill do.For someotherstoysandplaycanbe educational
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andserious.Butthereis onethingthatis solid; thechildrenfromtheirdebuttotheirlatest
formationof thinkingsystemsandcapacities,theyarealwaysinteractingwith toolsthat
peopleoffer themwhich are underthe responsibilityof parentsto welcomeor not to
welcome.
2.3.DesigningFor Children
Whendesigninga productfor childrenthemainpoint is to think of parameters
whichexistdueto thenumberof consumergroups.Becausewhendesigningfor children
thedesigneris designingalso for mom,dad,grandfather,grandmotherandotherfamily
members.Thatis whatmakesthedesignforchildrena realchallenge.
Color is an importantfactorin children'sdesign.Agesup to ninemonthsrespond
to bright,hot, fluorescentcolors.Childrenninemonthsto threeyearsof agerespondto
basiccolors.After theageof threechildrenstartto pick a color thathappensto betheir
favorite.On theotherhandalthough,designerstrictlyobeyssuchcriteria,thedesignmay
failjustbecausemomdislikesthecolorof design.
Simplicityin designis anotherpointthatflourishesbuyingmotives.Most of the
parentsare reluctantto buy their childrentoys thatare consistedof manyparts.The
exceptionsareof courseplaysetswithstorageareas.
Anothermajorfactoris safety.Sharpedges,easilyburnedclothing,pinchpoints
andtoxicityareamongsomeof specialtiesthatmustbeavoidedwhendesigning.On the
otherhand,safetywhenputin mouth,durabilityandfireresistancearegooddesignpoints.
Forinstancethewheelwell onatoytruck,shouldbeatleast7 romawayfromthetire.Any
contrarysituationcan cause a bad pinch to a little finger. Safety standardsthat
governmentsare responsiblefor the establishment,are the limitationsof the design
parametersthatcan neverbe setaside.Althoughit is believedthatthe agegroupsfor
whichthetoy is designed,definesthestrictnessof obedience,a perfectdesignshould
alwaysrequirea trueobedienceof productstandardsfora safetoydesign.
Besidessafety,easeof useis alsoan importantfactor.The bestexamplefor that
characteristics, Velcroonclothing.It hasbecomeabestwayfor childrento learntodress
themselveswithoutfacingtheold shoelaceproblemor buttonproblem( Mosberg1988,
Foreword).
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When designingfor childrenanothercriterionthat mustbe strictly obeyedis
governmentalstandardsand regulations.Understandingtheseguide lines enablesthe
designerto createamoresuccessfulproductandconsumerto makeabetterchoice.
Thereasonof standardizationis to lessertheprobabilityof risksfor usersasmuch
aspossible.On theotherhandthestandardizationdoesnotincludethehazardsof thetoys
thatare relatedwith their intrinsicspecialties(i.e. the unbalanceof bikes or pins in a
needleset).
Mechanicaland physicalpropertiesof toys, flammability,experimentsets for
chemistryand related functions,chemical toys excluding experimentsets and the
transportationof specificelementsare thatconsiststhesafetyof toysaccordingtotheTSE
(Turkish StandardsInstitution)which referstoEN, ISO, IEe standards.
2.4.Toy Design
A modulartoyis calledanopen-endedtoywhichmeansit providesa mediumof an
endlessimagination.This imaginationis onlyunderthecontrolof childrenandanother
individualwhois to interfere,hastostrictlyobeyeveryrule.
Thebasicaspectof playingis neverto suggestready-madesolutionsbutonlya hint
at whatcan be done( Munari, 1995p.30 ). Otherwiseit is someoneelse's world of
imaginationthechildhasto interfereandobeytherulesof, wherehecanbetheonlyruler,
inacontrarycondition.
In thedesignof LIBRA, it wasfirstlyaimedtodesignanopen-endedtoywhichwill
providevariousmediumsfor variouschildren.Onechildwhenbuilding a castlewith it,
anotheronemaytryto makea giraffe.Thepointis totryto seewhattheybuildwiththeir
childreneyes.Everyonemusthavewatcheda child drawinghimself,a cat, a treeor
anotherkind of form.In mostof thecases,whattheycomeup with is mostlya different
formthathardlyresemblestheobject.The aim of anysimilaractivitysuchas drawing,
building,describingand e.t.c, is to developthe child's pure imaginationinto a better
structuredformation.As aEinsteinremarked," imaginationis betterthanknowledge".
The ideawasto build upa formthatwouldbe simple,butwhenbroughttogether
wouldbeableto resemblea familiarform.That is whythestartingpointof thedesignis
simplelines.As it is knowntwopointsmakesa line andthreepointsmakesanarea.The
secondstepwasthento drawanareaandforthatanotherpointwasrequired.
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Fig.2.1 Formationof anarea
Thereare typesof modulardesigns,in which the aim differs from an other.In
LEGO typedesignstheplayeris mostlypre-decidedor is conditionedto buildup a form
thatis drawnon thecoverof thebox or on theillustrationpaper. In suchkindsof play
systemsthe partsof the toy are differentfrom an other,but still eachpart needsone
anotherto formthestructure.In anothertype of amodulardesign,thepartsof thetoyare
slightlydifferentform anotherand aremoreopenended.Both of the systemsneeda
talentedeye-handcoordinationor are readyto provide a teachingmedium for the
achievementof thisgoal.
In thesecondtypeof modulardesign,threeendpointsarenotveryadequatefor
structuralformation,becauseit alwaysbetterwith a fourth point not to limit the
imagination,onthecontraryyouareleftwithfourendswaitingtobeconnected.
Fig.2.2 Fourendstobe
connected.
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On theotherhandwhentheendpointsaredoubledtheplayer,wouldbemorefree
to builduptheformin anydirectionwhichwouldenablebetterformsto bebuilt. Thatis
whyeightendpointsarepreferredin thedesign.
Fig.2.3 Eightendstobeconnected
This systemofferstheplayeraplanarsystem.Sothethirdstepof thedesignwasto
putthisplanarsystemintothethirddimension.First,it wasthoughto givethisstructure,
thethirddimension,by meansof an anotherline systemthatwouldbe structuredin the
crossingpointof theothersecondlines.
Fig.2.4 3D Formationstudy
x
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This bindingsystemwouldundoubtedlygivethestructurethethirddimension,but
themorethereare partsof the system,the moretheyare likely to get lost. Therefore
anotherstructurewasrequiredin whichthemoduleswouldbeconsistedof a singleform.
In theLIBRA system,thereare four differentformswhich are thesameon the
basisof manufacturing.Thepointthatmakesfour individualpartsdifferfromoneanother
isthepositioningof theeightC-like figuresonthestructure.
Fig.2.5 TheLIBRA modules
By the achievementof the 3rd dimension,theplay systemis satisfiednot to be
planaranymore.
These four figures are easily attachedto each other and for a bettervisual
perception,squareandcircleformsarestructuredontheintersectionpointof theaxes.By
that,it wasaimedto givetheplaysystema full formlook.Thebasemodulewhichis the
onlytotallydifferentshapedform is a heavierunit andis to be usedwhenbuildingthe
LIBRA system.Theweightof themoduleis focusedonthetopof theconeandis designed
tokeepthesystembalancedfor anamountof timefromthebeginning.
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Fig.2.6 Thefilled forms
The gameis intendedto give the childrenenoughsocialization,and eye-hand
coordinationbeforeenteringa socialworldwheretheyhaveto makeuseof theirlogicand
intelligence.Thereforethissystemis designedasanover-tablegamesystemwhich may
requirea companyor two for a challenge.On the otherhandthis systemstill allows
childrento structureformsaloneor structuretheLIBRA intheirsoloplays.
The magicof this systemis thechallengebeingofferedby therule of thegame
whichis to keepit standstill aftermountingupa singlemoduleon thealreadystructured
system.The gameis notrequiredto becompletedin a day,on thecontraryit is aimedto
makeit a long termplaymediumthatwill be keptat a cornerof thechild's roomand
providea statue-likeform, with which the child will be able to test his patience,
competenceandinterpretation.
The productionof thissystemis veryeasyandthereforeverycheap.Thereareonly
fourdifferentmodulesystemswhich will be derivedfrom one anotherby a simple
variationof theheadunit( C-like figures).
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Fig.2.7 TheLIBRA
The productionmaterialis preferredto beABS, with theadequatecharacteristics.
Althoughthereis a studyabouta newmaterialcalledCELCON M270whichis saidto be
thefuturematerialof suchplaysystems,theavailabilityof thematerialis a characteristic
thateffectsthematerialselection.Theproductionsystemis chosentobeinjectionmolding
whichis mostlypreferredforproductionin groups.
The below figuresare someof the examplesthat can be structuredwith the
modules( Pleasedo not considerthecolor differencewith themoduleson top and the
primitivestructure).
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Fig.2.8 The Giraffe
Fig.2.9 The Box
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Fig.2.10 Formationof ahouse
The dimensioningof themodulesarecalculatedaccordingto Turkish Standards
Institution( TSE ). Accordingto TSE anypartwhichmaybea toyor a piecethatmaybe
dismantledfromthemainstructuremustnotgetthroughor causea full closurein the test
cylinder.
-0,1
Fig.2.11 Thetestcylinder
254-0,1,
450'±"0,25
57,1
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Fig 2.12 TheLIBRAMAN
Taking into considerationtheTS 5217prEN 71-1/Nisan 1996( Safetyof Toys-
Part1:MechanicalandPhysicalProperties)standardization,thedimensionsarecalculated
tobeminimum50millimeters.Anotherstandardwhichis flammability( TS 5218EN 71-2
Aralik 1996) was also inspectedandno contraryargumentabouttheuseof ABS was
found.
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2.4.1TechnicalDrawingsof theModules
All drawingsarein millimetersandscaleis 1:1
Fig.2.13 TheFirstModule
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Fig.2.14 TheSecondModule
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Fig.2.]5TheThird Module
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Fig.2.16The Fourth Module
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CHAPTER 3
MATERIALS AND PRODUCTION TECHNIQUES
3.1Materials
Children'stoyscan havecomplexperformancerequirementsand containsome
valuablelessonsaboutmaterialsselectionissues( Fletcher,1996p.395). Toys mustbe
abletowithstanda certaindegreeof physicalpowerandcontinuetoperformfor a number
of years.The polymers,conventionallyusedfor toyscan not withstandrepeatedabuse.
Polyethylene longatedandshowedwhitestressmarksat weakspots.Polypropylenecan
notretainits shape.High impactpolystyrenehasno springyflex. The actualcopolymer,
bothflexesreadilyandgoesbackintoshape.
As can be seen,polymerslike polyethylene,polyvinylchloride,acrylonitrile-
butadiene-styrene,polypropylene,polystyrene,polyurethaneandpolyisoprenearemainly
beingused.Thelatestresearchesononeof thesematerialsrevealedsomefactsthatcannot
beignoreduntilthecontraryargumentsareprovedtobetrue.
TheresearchmadebytheGreenpeaceorganizationwhichis saidto beannounced
tothetoyproducersall aroundtheworld,explainedthatthePVC polymerthatis being
usedin theproductionof softdolls is saidto causediseasesuchasreproductionfailures,
differentdevelopmentsin thereproductionorgans,decreasein theproductionof sperm,
variationsof cell membrane,liver, kidneyandwhitebloodcorpuscle cancer dueto a
materialcalled"Phthalates"which is proclaimedto existin Pve. And childrenwho are
likelyto puteverythingthattheycanfind intotheirmouthandsqueeze,biteor lick, can
easilygetthesocalledmaterialoutofPVe.
This researchwhich lastedfor one year is preparedby scientists Dr. David
Santillo,Ruth Stringer,Irina Labounskaia,Dr. Paul Johnston,John SiddomandAngela
Stephensonfrom theExeterUniversityin Englandandprovedthatamongthe 71 toys
tested,63 of themhadpartsmadeof PVe. Many otherresearchesmadeby companies
suchas Aristech in 1995,EuropeChemicalsBureauIUCLID researchin 1996,Swiss
NationalChemicalsresearchand USEPA researchesbasedon rats in 1992seemto
supporttheGreenpeacearguments.
Another study that supportedthe Greenpeaceorganization IS made by
EnvironmentalHealthPerspective( EHP ). In the reportpreparedin 1997,phthalates
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materialis proclaimedto causedecreasein the estrogenhormonewhich effectsthe
developmentof thechildren.
As a resultof theseresearchesit is believedthat the childrenwho are to get
involvedwithsuchmaterialin theirgrowthperiodareproneto havediseasesthatcannot
becured.
A newmaterial,theCelconM270whichis selectedfor a toyis a highmouldflow
materialwith a tensilestrengthof 60MN/m2 atroomtemperature.A toy called"Links"
provedthattheacetalcopolymersatisfiedthestringentoxicitystandardsdemandedof a
teethingtoyandprovidedtherightcombinationof mechanicalproperties.ASTM loadto
failurestandardscall for toystotake65N of stresswithoutbreaking,andthisnewmaterial
slippedof textfigures.On theotherhandcolorantswhichmatchedthedesigners'bright
colorspecificationswithoutlead,cadmiumor othertoxicheavymetalsareformulated,in
thisnewmaterial.ABS wasalsostudiedandwasfoundto be convenientfor makingrod
segmentswithstiff,strongendsfora snapfit.
Underthe light of theseargumentsalthoughCelconM270 seemsto be thebest
materialthatmatchestoyrequirements,on theotherhandABS is still beingpreferredin
theconstructiontoysandmostof thecompaniestrychangingtheinnerstructureaccording
totheirrequirements.
3.1.1PolyvinylChloride(PVC)
Thebasicrawmaterialfor polyvinylchlorideis acethyleneorethylenegas.During
it's manufacture,polymerizationmaystartby peroxides,persulfates,ultravioletlight, or
radioactivesources.For additionpolymerizationthedoublebondsof themonomersmust
be brokenby the use of heat, light , pressure,or a catalystsystemto quickenthe
polymerization.
The useareaof polyvinylchloridemaybe increasredby usingplasticizers,fillers,
reinforcements,lubricants,andstabilizers.By this theformationof differentstructures
suchasflexible,rigid,elastomeric,or foamedcompoundsis achieved.
PVC is mostly used in flexible films and sheetforms. Washablewallpapers,
handbags,raincoatsandsuchdressesaresomeof theproductsthatcanbe producedby
makinguseof polyvinylchloride( Richardson1989,p.197).Theyareeasilyfabricatedby
welding,heatsealing, or solvent cementingwith mixturesof ketons or aromatic
hydrocarbons.
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Slushand rotationalcastingof polyvinylsare usedto producehollow materials
suchasdolls,balls,largecontainers.In thetoyindustrypolyvinylchlorideis heavilyused
dueto it'seaseof manufactureand preferableavailability.Generallymaterialsin thevinyl
groupare flame, water,chemical,electrical,and abrasionresistant.They have good
wheterabilityandmaybe transparent.To aid processingandprovidevariousproperties,
polyvinylsarecommonlyplasticized.
Polyvinylchlorideis themostpopularin thevinyl family.Otherhomopolymerand
copolymerpolyvinylsarefindingincreasingusedueto thevariationof requiresfromthe
industryfordifferentcharacteristics.
The reasonwhypolyvinylchlorideis mainlybeingusedmaybe describedby it's
advantageswhich are; the processabilityby thermoplasticmethods,wide range of
flexibility, nonflammable,dimensionalstability,comparativelylow cost , and good
resistanceto weathering.On theotherhandthedisadvantagesmaybecountedas; being
subjecto attackby severalsolvents,limitedthermalcapability,maybestainedby sulfur
compoundsandhashigherdensitythanmanyplastics.
3.1.2Polyethylene( PEl
Ethylene gas is a memberof an importantgroup of unsaturated,aliphatic
hydrocarbonscalledolefins,or alkenes.Thewordolefinsmeanoil forming.This nameis
giventoPE becauseoil is formedwhenethyleneis treatedwithchlorine.
Polyethylenehasmanydifferentkinds whichvaryin themolecularmassandso
arecalledas,very low densitypolyethylene( VLDPE ), linearlow densitypolyethylene
(LLDPE ), high molecularweight-highdensitypolyethylene( HMW-HDPE ), ultrahigh
molecularweightpolyethylene( UHMWPE ). With increasingdensity,thepropertiesof
stiffness,softeningpoint,tensilestrength,crystallinity,andcreepresistanceareincreased.
Andso impactstrength,elongation,flexibilityandtransparencyarereduced.
Becauseof it's low price,processingeaseanda broadrangeof propertiesPE is the
mostusedplastics.Polyethyleneis mostlyused in the food sectoras it is oxygen
permeable( For instanceoxygenkeepsthemeatlookingredandpreventsmoisturefrom
condensingon packages.) andis alsousedin containerswherebeveragesarekept.Also
injectionmoldedtoys,smallappliancehousings,garbagecans,freezercontainersareall
madeof polyethyleneplastics.
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They areamongthe lightweightplasticswith a density rangeof 0.91gr/cm3to
0.965gr/cm3.It canbetwistedin verythinsectionsbutis quietrigidwhenit is thick.The
surfaceof the PE is like it is waxedand resistswater stickingand also has good
characteristicswhencooled.
Advantagesof PE are low cost ( except UHMWPE ), excellentdielectric
properties,moistureresistance,verygoodchemicalresistance,availabilityin foodgrades,
processability by all thermoplasticmethod(exceptHMWHPE andUHMWPE ). On the
other hand high thermalexpansion,poor weatheringresistance,subjectionto stress
cracking ( except UHMWPE ), flammabilityand difficulty in bonding are the
disadvantagesofPE.
Addition of fillers, additivesor othermonomersmay also changepropertiesof
polyethylene.Theseadditionsresultin theabovementionedpolyethylenetypeswhichare
all usedin manypartsof industrialproducts.
3.1.3AcrylonitrileButadieneStyrene(ABS)
ABS is athermoplasticmaterialandbelongstothegroupof acrylics.
Thermoplasticplasticsarethegroupof plasticswhich softenswhenheatedand
hardenswhencooled.With twiceor thricerepetitionof thisheatingandcoolingprocessa
newformof thermoplasticis achieved ueto it is capabilityof beingpouredwhenheated.
On theotherhandacrylicsis a sub-groupof thennoplasticsandThereforehaveall
thepropertiesmentionedabove.Acrylicsareslowburningandreleasinglittleor nosmoke
materialsandhavewide rangeof colors.With theiroutstandingopticalclarity,easeof
fabrication,excellentdimensionalstabilityand low mold shrinkage,perfectelectrical
propertiesandrigiditywithgoodimpactstrength,theyrepresentthefeasiblematerialtype.
Theirresistanceto weatherconditionsandultravioletraysprovidesthemtheexternaluse.
Theyareunaffectedbyfoodandhumantissues.Ontheotherhandduetotheirrigiditythey
havepoor flexibilityandarelimitedwith continuosservicetemperatureof 93°C. They
havepoorsolventresistanceandcanbecrackeddueto stress.
ABS polymersareopaquethermoplasticresinsthatarecomposedof acrylonitrile
butadieneand styrenemonomers.Acrylonitrile,provideschemicallyresistancewhile
styreneprovideseaseof manufacture,hardnessand shininessand butadieneprovides
shockprotectionanddurabilityin roomtemperatureandin coldweather.Therefore,ABS
canbecalledasterpolymer( "ter"meaningthree)consistedof threemonomers.
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This polymerwas developedduringandafterWorld war II andresearcheswere
madeonABS whichleadthermoformedABS to beusedfor anexperimentalcarbodyin
1970designedbyBorg-Warner'sCentaurEngineeringfacility.
Fig. 3.1 ThermoformedABS usagein anexperimentalcarin 1970(Dubois 1972,p.253)
Due to easeof extrusionandinjectionmolding,ABS hasan easymanufacturing
process.But ABS is hygroscopicmaterialThereforeit needsdryingin orderto reduce
surfaceerrors.ABS can be used in domesticwaressuchas food and home as it is
resistanceto coldandchemicals.Easeof productionofferstheABS tobeusedin hundreds
of injectionmoldingprocesses.Due to efficiencyin goodlookinganddurabilityABS is
usedin homewares,small tools, the pipe fittingsof the telephoneand othercomplex
molding implementations.It's high resistanceto heat and decorationcoherence
(lamination,coating,coloringandetc.)arekeyfeatures.
ABS canbeusedin manufacturingof innerpartsof planeswithadditionof flame
proofadditives.
OpaqueABS, is usedin, innerpartsof refrigeratorsandtoys.ABS, whenusedin
unstableandunprotectedmediums,haslittle UV resistance.ABS canbe usedat outside
conditionsbutfor thepartsexposedto sunlight for longperiods,a protectionis required.
This protectionmaybeprovidedby coatinga protectiveacrylicleatherstrataon extruded
ABS plate.
Someexamplesof toysandthepolymerstheyaremadeof canbeseenin thebelow
figures.
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Fig. 3.2 Toysmadeof polyisoprene
Fig.3.3 Sharkpen
This sharkpenis producedfrom polyethylene,which is botha toy anda
writingutensil
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Fig.3.4 A toyperiscope
This periscopeis anotherexampleof polyethylene,a materialthatis commonly
usedin thetoyindustry
Fig.3.5 Thetoycarmadeof polymer
Thebodyof thecaris madeof polystyrene,tiresmadeof polyisoprene
•17U1DvlI.'rr'/ ;:- .~;;"I-;7.r.I.
Fig.3.6 Differentkindsof polymerusagein atoy
The robotis madeof polystyrene.The insulatedwiresaremadeof polyethylene.
Thecircuitboardsinsidearemadeof epoxyresins.
Fig.3.? Groupof toyanimals
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Thesepuppetsarestuffedwithpolyurethanefoam.Ontheoutsidetheirfur,bethey
mammals,is madeof thingslike polyacrylonitrileandtheirscales,be theyfish,aremade
of nylon.
3.2ProductionTechniques
The primitive production techniquesmostly contained a muscular power
generationunit and a pressunit with which mostlya comb or jacket buttonswere
produced.
Fig.3.8 Theprimitiveproductiontechnology (Dubois 1972,p.12)
Fig. 3.9 Theearlymoldtechnology (Dubois 1972,p.6)
Sincethenmanydevelopmentsoccurredandproductionbecamemorefeasible.By
theendof 19thcenturythetechnologybecameefficientenoughto produceintricatedetails
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whichcanbeseenatbelowdoll-likefigures.Thesewereamongthefirstplasticproducts
tobemadebytheHyatt-blowmoldingtechnology.
Fig. 3.10 Molded celluloidbabyrattlesin 1890 (Dubois 1972,p.44)
The techniquesemployedin the toy Productionindustry,like other industrial
productionshas to be profitable.Thereforethe processmust be able to offer many
variationsof easeof manufacturing.Most of theproductsexistingin children'sworld are
of smallsizedscaledobjectswhichcausestheeasiestprofitablemanufacturesolutionto be
theproductionin groups.After theworldWar II themarketboomedwithmoldedplastics
toysand kits which was an othermilestonein plasticsindustry.This groupproduction
offeredtheproducerstomanufacturetheirproductsall in oneeffortwithabetterprecision
aseverythingtobecontrolledwas gatheredin oneunit.
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Fig.3.11 A plasticwarshipproducedaftertheworldwar (Dubois 1972,p.296)
Fig. 3.12 Theplastisolswereusedtomakerealisticdolls (Dubois 1972,p.287)
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Fig.3.13 Bellowsmadeof ethylenevinylacetatefordoll voice (Dubois 1972,p.99)
Fig. 3.14 Toys,madeof vinyl plastigelswhichcanbeworkedby hand(Dubois
1972,p.287)
All of thesetoys were efficientenoughto retainvery minutedetailswithout
distortion.Thisefficiency,effectedtheplasticstoyindustry,reachthemodemdays.
On the otherhandsomeothermethodshasto be employedfor somespecific
productssuch as playgroundtoys, motorizedcars and othertoys that are the plastic
reflectionsof thesteelindustrythatusedto giveformto children's hugeproductsin the
past.
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3.2.1InjectionMolding
Injectionmolding machinesfor thermoplasticsarederivedfrommetalmoldingor
die-castingmachines.
The first suchmachineswere developedin USA in 1870.The first machineto
producethermoplasticspartsby injectionmoldingwashoweverbuiltin Germanyin 1920.
It wasanentirelyhandoperatedmachine.Bothmoldclampingandinjectionwereactuated
bytheoperator.
As a product,combsplayeda greatrole bothin theplasticsindustryandin the
injectionmoldingtechnologybybeingamongthefirstproductstobeinjectionmoldedand
producedwithplastics.
Fig. 3.15 Combsproducedbyinjectionmoldingtechnology(Dubois 1972,p.273)
Italy was one of the first EuropeanCountriesto begin buildingself hydraulic
injectionmoldingmachines.The earliestmachinesof thistypeappearedin Italy in 1947.
Theyweresmallmachines,withshotcapacitylimited toapproximately30gr.polystyrene.
Sincethendevelopmenthasgoneforwardrapidly,Fully automatedmachinesare
now availablethat requireno interventionwhateverby the operator.There are new
industrialplantswherebanksof machinesareinstalledwith 50 or moreunitsoperating
entirelyautomatically.Evenhopperfeedingaswell asejectionandremovalof partsasthe
cycleis completedareperformedautomatically.
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This methodis used in the productionof many objectsmade from many
thermosettingcompoundsand from all thermoplasticsexceptPTFE fluoroplastics,
polyimides,somearomaticpolyestersandspecialengineeringrades.
The injectionmoldingprocessconsistsessentiallyof, heatingthe thermoplastic
material,whichcomesin powderorgranuleform,soastomakeit " plastic" in acylinder
knownas a "plasticizingbarrel"andthen injectionit into thecavitiesof a mold,from
whichit will takeitsshape.Themoldis keptatatemperaturebelowthematerial'smelting
point,sothatonceinjectedmaterialquicklysolidifies.At thisstage,theprocessingcycleis
completed,andthemoldedpartejected.
In otherwordsin everyinjectionmoldingprocesstherearefivesteps;
1.Themoldisprepared,closedandmovedagainsthenozzle.
2.The screwor screwandplungerplasticizethematerialandforceit forwardinto
themoldcavity.
3.Thescrewor screwandplungermaintaihpressurethroughthenozzleuntil the
plasticsis cooled( heatis removedbywatercirculation).
4.Thepressureis removedasthescrewor screwandplungerreceivefreshmaterial
fromthefeedhopper.
5.Themoldmovesawayfromthenozzleandopens.Themoldedpartis removed.
Therearetwo typesof injectionmachines,withvariousmodifications.Theseare
theplungerandthereciprocatingscrewtechniques,whichhavepreplasticizersectionsand
canbecombined.
The majordifferencebetweenthetwomethodsis in thewaythatthemoltenmass
is forcedthroughtheheatingcylindersandinjectionchamber.In plungermachines,the
materialis forced around the torpedoand then into the mold cavity. In the other
technique,granularmaterialis quicklymademoltenbytheheatedbarrelandscrewaction.
This screwactslike a plungerwhenstoppedturning.Thehotmeltis thenforcedintothe
mold cavity.This machineis capableof mixingandblendingcolorsandothermaterials
fasterduetotheactionof thescrew.
Injectionmoldingis usedmorebecausematerialinsertsmaybe employedoutput
rateshighsurfacefinishcanbecontrolledto produceanydesiredtextureanddimensional
accuracyis good.For thermoplastics,gatesrunnersandrejectedpartsmaybereused.
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The injectioncapacityof machinesis measuredbytheamountof materialtheycan
ejectpercycleandfor standardization,polystyreneis used.This capacityis between0.7
Oz (20 grams)and19.8lb.(9000grams).
Thereareotherkindsof injectionmoldingamongwhichwe cancountcoinjection
molding,reactioninjectionmolding( RIM ), andreinforcedreactioninjectionmolding
(RRIM ). In thecoinjectionmoldingprocess,two or morematerialsareinjectedintothe
mold cavity.This usuallyproducesa skinof materialon themoldsurfaceanda cellular
centercore.In thereactioninjectionmoldingseveralreactivechemicalsystemsaremixed
andforcedintothecavitywherethepolymerizationreactionoccurs.The automotiveand
furnitureindustriesarethemajorusersof RIM. Whenshortfibbersor flakes( particulates)
areusedto producea moreisotropicproduct,theprocessis calledreinforcedreaction
injectionmolding( RRIM). The applicationareasof this methodis automobilefenders,
panels,bumpers,shields,appliancehousingsandfurniturecomponents.
Everyinjectionmethodhassomebasicstep'sin commonin atimecycle.Theseare:
Injectiontime:The timerequiredfor theplasticmaterialsto be forced into the
moldcavity.
Dwell time:Thetimethatforceorpressureis keptonthematerialin thecavity.
Freezetime:The time requiredfor the materialto cool or set enoughfor safe
removalfromthemoldcavity.
Deadtime:Thetimerequiredto openthemold,removethemoldedpartandclose
themold.
A plastic materialreadyfor moldingor for otherprocessmay be definedas
"compound".Incorporatingthebaseresincalled"binder",andvariouschemicaladditives
aswell asreinforcementsor fillersvaryingtypes.
In the groupof thermoplasticresins,the baseresinswidely usedfor producing
moldingcompounds,andgenerallysuppliedas granulesor powderarecelluloseresins,
vinyl resins,acetalresins,styreneresins,polyphenylenes,thermoplasticpolyestersand
polyurethanes.
Since the very early stagesof the developmentof the plasticsindustry,it was
realizedthatbetterproductscould be obtainedif the basepolymerwere mixed with
additivesor fillers thatareinorganicpowders,plateletsor shortfibbersincludedintothe
polymercompositiontoreducethecoefficientof thethermalexpansion.
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Additiveson the otherhandcan be convenientlyclassifiedaccordingto their
functionintovariousclassesandsubdividedaccordingtotheirmorespecificfunction.The
main classificationincludes;processingadditives,flexibilisers,anti-agingadditives,
surfacepropertiesmodifiers,optical propertiesmodifiersfire retardantand foaming
additives.
As a resultwecancounttheadvantagesof injectionmoldingas(Richardson1987,
p.261):
I.High outputrates
2.Fillersandinsertsmaybeused.
3.Smallcomplexpartswithclosedimensionaltolerancescanbemolded.
4.Morethanonematerialmaybeinjectedintothemold(coinjectionmolding).
5.Partsrequirelittleornofinishing.
6.Thermoplasticsscrapmaybegroundandreused.
7.Selfskinningstructuralfoamsmaybemolded( RIM ).
8.Processmaybehighlyautomated.
And disadvantagesas:
I.High moldcosts
2.Highequipmentcosts.
3.Qualitymaybeaffectedbyworkmanship,processcontrol,andothervariables.
The injectionmoldingis a convenientproductiontypefor toysystemsas it offers
manypositivecharacteristicsasmentionedabove.Also thetoysystemsespeciallytheones
which are over table designare mostlyproducedin groups,which injectionmolding
provides.
3.2.2RotationalMolding
Thetoolingfor rotationalmoldingcanbecomparedtothesplitcavitytechniquesof
blow molding;their moldsare similar exceptthatno coolingareasare required.The
machinesprovidesthemeansof holdingthe toolingandrotationcausesthe powdered
materialthatwasloadedintothemold,beforeit wasclampedintothemachine,to solidify
andclingtothewall of themold.Thethicknessof thedepositdependsonthetimeallowed
for rotationandtheamountof materialplacedin themold.
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Rotationalcastingrotateson two planes,while centrifugalcastingrotateson one
plane.Largepipesandtubesaresometimescentrifugalcast.It maybe usedfor hollow,
completelyclosedobjectssuchas balls, toys,containers,and industrialpartsincluding
armrests,sun-visors,fueltanks,andfloats.
Plasticspowders,monomers,ordispersionsaremeasuredandplacedin multi-piece
aluminummolds.Themoldis thenplacedin anovenandrotatedin twoplanes( axes) at
thesametime.This actionspreadsthematerialevenlyon thewallsof thehotmold.The
plasticsmeltsandfusesas it touchesthehotmoldsurfaces,makinga one-piececoating.
The heatingcycle is completedwhenall powdersor dispersionshavemeltedandfused
together,but the mold continuesto rotateas it entersa coolingchamber.Finally, the
cooledplasticsis removed.
Nearly all thermoplasticpowders may be used in rotational casting. By
programmingof rotationspeedthewall thicknessin differentareasmaybecontrolled.If it
is desiredto haveathickwall sectionaroundthepartinglineof a ball,theminoraxiscan
beprogrammedtoturnfasterthanthespeedof themajoraxis.
Rotational-moldpartsmaybe producedas largecommercialcontainers,tubing
with endscut open,ice chests,pans, boxes,and especiallychildrenplaygroundtoys.
Luggagemaybe castas onepiecewhich is thencut at the seamto formtwo perfectly
fitting halves.Foam filled and doublewalled items,includingtruecomposites,can be
produced.
3.3DesignConsiderations
Most compositeschangetheir characteristicswith time, due to environmental
factors,suchas heat,moisture,fabricationmethodand stocktypes.Thesecomposites
thereforemaybedesignedto be isotropic,quasi-isotropic,or anisotropicdependingupon
designrequirements.Theserequirementsaremostlyidentifiedby themanufacturer.The
manufacturermaywish to havea materialthatwill lastfor a longperiodof timeor for a
shorttimedependinguponthecompany'salestrategies.
Materialsmustbeselectedwiththerightpropertiesto meetdesign,economic,and
serviceconditions.On theotherhandplasticsmaterialsmustbechosenwithcarekeeping
thefinal productusein mind.Plasticsaremoresensitiveto changesin theenvironment,
thatis whymanyplasticsarelimitedin use.
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Cost is anothermajorfactorin thedesignconcept.Themostappropriatematerial
hastobechosenin orderto lowerthecostandobtaina sharein themarket.Thechoiceof
strengthto massratio, or chemical,electrical,and moistureresistance,may form the
productsprice.Economicsmustalsoincludethemethodof production( R&D), capital
investmentfor newtooling,for newemployers,mold making,technicaldrawingof the
items,stocks,toolmaintenance,scraplosesandtheemployedcomputerprogramswhich
maybe CAD ( computerassisteddesign),CAM (computerassistedmanufacturing)and
CAMM (computerassistedmoldmaking)thatareveryexpensive.On theotherhandthere
are some specific problem solving computerprograms,such as "control of heat
distributionin themold".It is calculatedbeforehandhowmuchmoneymustbe spentfor
the mold makingpayingattentionto the cost for eachpart individually.It is wiser to
inspectdesignconsiderationsunderthreemajorgroup.The first oneis material.As it is
mentionedearliertheplasticsmaterialareeffectedby the environmentmorethanany
other.Thereforethemanufacturerhasto beverywell informedaboutthestandardsof the
materialhe is to employ.Theremaybea vital compromiserequiredto makebetweenthe
rightistandthecheapest.Thesecondgroupis thefactorsdeterminedbytheenvironment.
Environmentalfactorsdo notonly includefactorsthatarerelatedwith climate,butalso
includeinteractionswithchemicalsor physicalenvironment.Thereforein thisgroup,heat,
humidity, otherchemicalsandplasticsusageareais important.As by now, plasticsis
being used in humanbody as reinforcementfor someorganssuch as arteries,heart
regulators.These criteria are the samefor every industry,only changingcase with
industrialproductiontypes.In thetoy industrythematerialhasto be paidattentionfor,
startingfromthematerialin-factorystepto theproductout-factorystep.But againwhere
andhowit is goingtobeuseddeterminesthecompromise.
In thetoyindustrythecriteriamayvaryduetothemiscellaneousagegroupsasthe
playhabitsarenotthesamefor all. Agesbetweenoneandthreemostlypreferlickingthe
materialsthattheyfindthereforetheproductshavetobesafewhenmouthedandmustnot
causeanydiseasewhilebeingthecheapest.Agesbetweenfour andeightplayswith toys
withusingmorestrengthandsothedurabilityof theproductmustbeachievedfor a longer
periods.In shortplayhabitsidentifiesthematerialsinnerstructureandthemoneyto be
spent.
The child Protectionand Toy Safety Acts of 1969 and 1976 govern the
manufactureanddistributionof children'stoysin USA. Toysthatmaycauseanelectrical,
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mechanical,toxic or thermalhazardarebannedfrom sale.In additionto extremesof
temperature,humidity,radiation,abrasives,andotherenvironmentalfactors,thedesigner
mustconsiderfireresistanceandhowhecancontrolthematerial'scharacteristics.
CONCLUSION
When designingfor childrenthereare severalimportantpointsto be carefully
examined,thefirstoneis thatwhateverthedesignis, it mustneverbea sourceof injury,it
mustfulfill theregulationsof thelegalstandardizationoffices,it mustbeappropriatefor a
specificagegroup,andthedesignermustneverforgetthattheproductis beingdesigned
for a differentinterpretationsystemowninguser.This evaluationmeansthatit mustnot
alwaysbetakenfor grantedthattheproduct,proneto behighlyappreciatedby theelders
will also be as highly appreciatedby the children.Becausethe buyingmotivesof the
parents,in mostof thecases,is tostarttheeducationof thechildorto beabletoofferhim
anentertainingreasontobebusywith,ortoprovetothemselvesandtootherrelativesthat
theycanaffordto buytheirchildreneverythingavailable.It is truethatchildrendo not
havethephysicalpowerto buytheproductsbuttheyalwayshavetheirownphysiological
persuasionsreadyfor use.Underthesecircumstances,themarketingstrategyof children
products,shouldbe to designthepackagingfor parentsandtoys for the childrenas it
becameeasierfor theproducers,withthehelpof plastics.
On thebasisof marketing,thereareof courseother thingsto consider.No matter
how highthefirst implementationof thesystempriceis, thecriteriaundercontrolhelps
theproducerto getprofitoutof it in a shorttime.For instance,in mostof thecasesthe
exactcontrolof the life spanof theproductenablestheproducersbetter, to makelong
termandshorttermplansabouttheusageof theproduct.Ontheotherhandascanbeseen
in LEGO, a toydesignedforayearoldchild,mighteasilybeadaptiveontheLEGO system
to beplayedwith,whenthechild is overfive. Thesestrategiesaretoomuchrelatedwith
themarketingconceptof thefirm. Onefirm mightberemarkingthattheirproductswill
grow thechildrenup, an anothermightbe claimingthattheyarereadyto offer a vast
varietyof productsfromthebirthuntil thegrowth.In suchdecisions,theboundariesof
plastics of courseplays a great role. The producers,taking into considerationthe
unsurpassedcharacteristicsof thismaterial,relyon theirproductsbetteron thebasisof
consumensm.
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With thenewfindings,theplasticsmanufacturerscaneasilybeabletomanufacture
anyformanycharacteristicanycolor,in shorteverythingtostartleachild.In thefiguresat
thetopwhichenlightenstheproductionstandardsof a centuryago,thesuperiorityof the
plasticscaneasilybeseen.The veryharddetails,therangeof colors,thelightnessof the
product,thetasteof thetouch,transparencyandthevarietyof texturearespecialties,very
hardtocompetewith.
On theotherhandthenumberof productionin just oneactiongivestheproducers
thechanceto lowerthepriceof theproduct.Sincethe,debutof plasticsin theindustry,not
muchof themindswerechangedfor thebetterabouttheuseof anyotheralternatives.On
the contrary,the new findings of the scientistsand researchersaboutpolymersand
especiallyaboutplastics,revealedotherfactsthatsupportedthepast.It is believedthat
everyday there is a new polymergroupbeing introducedto the industrywith new
improvedintrinsiccharacteristics.The toy industryis no exceptionto acceptthesenew
polymersworkedon by theirresearchersandothers.As beingthemosteasilyinfluenced
groupof consumers,childrenare a rich vein to producefor. To be ableto servethis
requiredrichnessof productand productiontype, plasticsare the most appropriate
material.Thementionedcriteriaatthetopindicatingthesuperiorityof plasticsis themain
causeof thissituation.On theotherhand,asthefirstmaterialthatchildrentaste,hearor
touchis their rattles,madeof plastics,the importanceof thesematerialsis oncemore
approved.
Plasticsare still proneto developmentdueto daily identificationsmadeby the
researchers.With theiruniquereasons,whatis beingproducedtodayis alsobeinga step
for thefuture.Everyplasticsis beingproducedfora specificcharacteristicandoncethisis
achievedit becomesa materialto beworkedon for theformationof a newcharacteristic.
But whatis in commonin everystepis thateveryplasticsbeingdesigned,is producedjust
tomakepeople'slivesascomfortableaspossible.And theachievedrateof thiscriterionis
determiningthesuccessof theproduct.
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